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PREFACE. 



This book is not put forth bo much as a specimen of 
book making as it is a record of notes, memoranda, experi- 
ments, practice, and experience gathered, during several 
years in which the writer has been connected in one way 
or another, with the design and manufacture of high 
pressure steam boilers. 

No person at all acquainted with boilers would expect 
to receive at the hands of anybody an entirely original 
treatise on this subject. This book contains a considerable 
amount of practical information never before published, 
gleaned from the author's own experience, as well as val- 
uable contributions from several of his friends, who have 
bad large experience in boiler making. 

The chapters on the strength of iron and steel have 
been carefully compiled from tests made with samples 
sheared from plates actually delivered for boilers under 
contract, and were not selected samples taken from the 
mill with a view to getting high results. The tables show 
that this country possesses materials for boiler construc- 
tion having qualities which are not surpassed by any iron 
or steel in any market. 

There is little doubt that the boiler of the future will 
be of steel, and considerable space has been given this 
material; many tests have been made, and records of 
the results appear, for the first time, in these pages. 

This book comes far short of being what the writer 
would like to have it, many subjects of interest to boiler 
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makers and steam users have been omitted. Marine boiler^ 
have not been included, as that is a class of work which \^ 
under a more intelligent direction than generally found in 
the smaller shops, and have less need of such data as here 
furnished ; to have included it, would have made a larger 
and more expensive book than the writer felt justified in 
undertaking. The same is also true in regard to locomo- 
tive boilers. Most of the smaller boiler shops are in 
charge of men who were once journeymen boiler makers, 
and " set up business on their own account." These per- 
sons are, as a class, good boiler makers, but having had 
little experience in estimating and designing work, other 
than the particular kind on which they have had a long 
experience, are often at a loss how to proceed ; it is pos- 
sible that this book may prove of service to many such. 

The object has not been to make this a book specially 
for boiler makers, but a hand book for engine builders, 
architects, and steam users, as well. 

The writer wishes to express his deep sense of obliga- 
tion to his many friends who have contributed and 
assisted in the preparation of much of the data which 
appears in these pages, and especially to Mr, David Greig, 
Leeds, England, Mr. George H. Atkinson, Pittsburg, 
Penn., Mr. J. M. Allen, Hartford, Conn., Mr. Coleman 
Sellers, Philadelphia, Penn., and many others. 

Free use has been made of recent papers read before 
engineering societies, and bearing on this subject; from 
which extracts have been made, and the proper credit 
given in the body of the work. 

Indianapolis. Ind., December, 1879. 
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occasionally as high as one hundred and fifty pounds. 
These high pressures are the result partly of experimental 
inquiry, but are mainly due to a better understanding of 
the principles of thermodynamics, for it is in accordance 
with its teachings that these higher pressures have been 
steadily adopted, so that now there is a very general tend- 
ency, arguing from pure theory, toward extreme pressures, 
under the belief that the highest economy is to be based 
upon, and is in fact, simply a question of pressure. This 
leads us to the conditions demanded in the construction of 
a steam generator, which are. 

Safety while working under high pressures. 

Simple in construction. 

Thorough circulation of water in all parts of the boiler. 

Economical in the use of fuel. 

Durability in service. 

Facility of examination, cleaning and repairs. 

The first requisite in a boiler would seem to be that of 
safety, for without this all the other conditions are of little 
value. By safety is meant that pressure of steam which a 
boiler can generate and hold without danger of rupture. 

The safety of a boiler depends upon its form; the 
materials of which it is made ; and the details of its con- 
struction. The conditions of safetj^ and durability depend 
largely upon the selection of a suitable material — one which 
shall have considerable hardness, and at the same time, a 
high tensile strength combined with a reasonable degree of 
toughness. 

Practically, the only available materials for the con- 
struction of steam generators are — cast iron, wrought iron 
and steel. Each of these have properties wiiich are of 
value in this connection, though most of the steam boilers 
now in use are made of wrought iron. Formerly, copper 
had been used in boiler construction, especially for fire 
boxes for locomotives, and the internal heating surfaces in 



mnriuo lioilers. This material has been almost entirely 
aluintU ned in boiler conatruotioTi, iiotwithatandiiig its Bupe- 
Pior conducting power over iron or steel; the causes whicli 
Iiave l«d to its abaudonment are high first cost, inferiority 
in hurdneas and tensile strength as compared with the other 
matuHaU named. 

The materials of construction hold such an important 
plB4_-e in boiler design that some space should be ^ven in 
a work of this kind to the ooneideration of the crude and . 
tioifbed iron employed m boiler making. Before any 
at«»m generator oan be properly designed there must be a 
knowledge of the properties ot the materials which are to 
(tnter into its construction; and as castings, wrought iron 
nud ateel, have one common starting point, it will not be 
thought out of place to give in briet outline the foreign 
elemeiiti- which are contained in and which give character 
to iron and steel. The crude caat iron as it comes from the 
blaat fiirnace, no matter what impurities it may contain, is 
known under the name of pig traii. These are usually 
classed as either white or gray irons: and it is probable that 
the difference in the ijualities, or properties, leading to this 
daasificatioti are due more to the influence of the contained 
carbon than to any otlier cause. The white iron approaches 
more nearly the character of an alloy than the gray iron, 
which partakes more of the nature of a mechanical mix- 
ture. The latter iron is employed for fonndry use, the 
former for the marmfacture of wrought iron. The prin- 
J impurities in pig iron areaulphur, silicon, phosphorus, 

ie. carbon, 
iotpliur is almost always found in pig iron and has u 
ipkable influence on its quality. White irons appear 
tatain more of it than the gray varieties. At low beats 
, in a measure prevent fluidity in cast iron, causing' 
* aname a mushy appearance, which may be enlirely 
tome by the application of a higher beat, when the 
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mushy appearance changes to that of a more perfect fluid. 
Sulphur diminishes the strength of eastings in a very high 
degree by causing them to be oold-sliort, brittle and hard. 

Silicon is always present in crude as well as in refined 
irons, being next alter carbon the commonest impurity met 
with in iron. When in coni]>iuation with crude iron, the 
proportion is usually found to be greater in the gray than 
in the white varieties. Quantities as small as one-half of 
one per cent causes crude iron to be brittle, and its pres- 
ence in eastings is regarded as injurious to quality, the best 
castings being those which contain it in the least amount 

Phosphorus has the effect to harden cast iron, and to 
increase its fusibilitv. It enters into chemical union with 
iron and is present in quantities rarely exceeding one to 
one and a quarter percent in ordinary white or gray irons. 
In combination with iron it renders it close and compact, 
and has the tendency to make it cold-short when reduced 
to low temperatures or near the freezing point. Pig iron 
containing phosphorus melts easily, becomes very fluid, is 
easily managed in retining, and when contained in wrought 
iron up to a limit of one-fourth of one per cent has no 
perceptible eftei-t on its welding power, except that it 
requires it to be <lone at a low heat. 

Manganese, in its chemical properties, is in many respects 
like iron, an<l will form similar compounds. These two 
metals have an aflinity for each other, and during the oper- 
ation of re<lucin£^ the iron from the ore thev enter into 
such an intimate relation as to form an alloy. Manganese 
causes iron to be more fluid when melted, and to be hard 
and brittle when cold. White iron contains more man- 
ganese than gray irons. Some ores yield an iron contain- 
ing as much as ten and twelve per cent of manganese, 
which has the property of containing in its composition as 
much as one-twonty-tifth of its weight of carbon in a state 



IMPL1UTIE3 IN IRON. 

of cheroifal combination; this irou ia exteuaively used in 
8t«el making by the Bessemer process, and U generally 
known by ita German name, speigel-eisen. 

Carbiui is always present in pig iron. Tlie quantity bo 
ionofl ip variabli!, and its effect on the character oftheiroa| 
i» by no mcan» certain. Sometimes it appears to be : 
clicniieal union, when it then partakes somewhat of the I 
ORtare oi' iin alloy. At other times it seems to Iiave no ] 
aSlnity (or the iron, and its presence in a free state in the 
pore«, or rather between the crystals of the irt 
ntgartlcd nf< little else than a mechanical mixture. These 
differences are not altogether dne to the quantity of carbon 
present, bnt rather to its state, or particular form of com- 
bination. 

Iron, when pure, ia soft and malleable. Carbon adds to 
ita liardne&fi. renders it more brittle and lowers the degree 
of tosibility when a sufficient quantity of carbon is present 
to niake what ia known as cast irou. In this state it can 
neither be forged nor welded. 

The quantity of carbon in pig iron commonly ranges 
trom one and one-half to three and one-half per cent. 

How carbon enters into combination with iron can 
hurdly be said to have been satisfactorily explained. It is 
<!«rtain, however, that a small quantity of carbon has a 
very ninrked eftect npon a large mass of iron. 

The slate in which carbon ia present in cast iron may 
be determined. 

1. By the appearance of the fracture. 

2. By dissolving a portion of the iron in either diluted I 
anlpburic or muriatic acids. 

The former <if the two is generally employed in deter- 
ng the approximate quality of pig iron and castings. 
the latter method there is more certainty in arriving 
aotnal conilition nf the contained carbon. Th 
acting upon the iron, but not upon the carbon, the 
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is left in a free state in the solution, if it so exists in the 
sample tested. After dissolving gray irons, the solution 
will contain numerous black particles, which have all the 
properties of ordinary graphite. A white iron known to 
tave more carbon in its composition than the gray, when 
similarly dissolved will present fewer particles of carbon 
in the free state, because the contained carbon is in a chem- 
ical combination with the iron and is present in the solu- 
tion as a carbide ; thus presenting fewer particles of graphite 
or carbon than the former solution. 

White cast iron — So far as observed, this ffeems to have 
all the qualities of a perfect alloy; that is, the mixture of 
carbon and iron produces a metal having the different 
properties from the materials which enter into its compos- 
ition.* It is harder than gray iron, or any iron in which 
the carbon i« present in a state of mechanical mixture 
only. The fracture of white iron presents a surface of 
silvery whiteness, with but little luster, showing little or 
no free carbon. It is extremely hard, will resist the action 
of the file or chisel ; it is very brittle, and is unfit for any 
of the uses to which ordinary castings are applied. It 
melts at a lower heat than gray iron, but does not become 
liquid at this low temperature, assuming, rather, a pasty 
condition, which may be overcome by the application of a 
still higher temperature. 

Mottled cast iron contains about the same quantity of 
carbon as the white and gray varieties. The condition in 
which it is held is about half combined and half in a free 
state. It is very hard, brittle and not so elastic as gray 
iron. 

Gray cast iron is made from the pi£ irons in which there 
is the least carbon chemically combftBd^ and the greater 

'^ Carbon being a non-t¥ielcUic substance, it will be understood that the use of the word 
alloy in this sentence is unconventional, its use being applied to u^ixtures of metals only. 



portioD iu the free state, aa graphite. A general average 
"^opld show about one per ceut of carbon cbemically 
wiiil)ine<l and about two and one-half per cent of free 
gfflphitc. 

Foundry pig is usually sold in tlie market ae eitljer 
Jfoa. one, two. three. No. 1 being tlie softest and No. J 
3 the liardeet. No. 1 is usually of a dark gray color, ] 
iiaviug Inrge granular crystals, between which particles I 
of carbon are seen and may be easily detat-hed. In pelting I 
il Uocomes quit« fluid and accurately fills the mold in j 
*hich it is poured. It is not eo hard or ao strong aa I 
' either of the other two irons named, and to make the best I 
i-iwtiags. portions of the "beat" should be made up of the j 
' lower grades. No. 2 pig-iron is harder and has a finer I 
jT^in than No. 1, owing to more of the carbon being in 1 
a combined and less in the free state. When properly I 
mixed with Xo. 1 it makes the best castings for machinery 1 
or for any use in which strength and durability are required. ] 
No. 3 iron is not in general snitable for castings whicli I 
roqatre working in the machine shop. It is hard, brittle 
and is suitable only for mixing with higher grades of Iron 
ill the production of heavy castings. 

Chilled !ron is produced by a change in the condition of ' 
the carbon present in the cast iron from a .itate of mechan- 
icjil Qiixtnre to that of chemical combination, brought about 
cbiefly by a sudden cooling while in a molten state. When 
pig iron is melted, or in a fluid state, it is not improbable 
that the carbon which was present in a free state in the 
pOKft of the iron is dissolved and unites with the iron, j 
In ordinary cnoUng the carbon would separate from the I 
iron as in the pig iron before melting, but when the fluid ] 
iron i* suddenly cooled tlie carbon is condensed by the con- | 
Irftc'tion of the iron and forced to remain in chemical union | 
with it, Instead of disengaging itself and eolleiting in the ] 
porc« of the casting. I 
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CAST IRON AS A MATERIAL FOR STEAM BOILERS. 

Arguments in Favor of It — Objections to its Use — Effect of the 
Impurities found in Cast Iron — Tensile Strength of Cast Iron — 
Elastic Limit of Cast Iron — Defects in Castings — Behavior of 
Cast Iron in the Fire — On Designing Cast Iron Boilers. 

Cast iron as a material for boilers — The arguments in 
favor of cast iron as a material for steam generators and 
which must of necessity be confined to sectional boilers, 
are, 

1. That the transmission of heat through plates of an 
equal thickness of cast or wrought iron is in favor of the 
former. 

2. That in point of durability it excels wrought iron, 
for the following reasons: 

a. It will resist corrosion better than wrought iron. 

6. It is unaffected by the cliemical impurities of 
feed water or the acids found in the pro- 
ducts of combustion. 

c. On account of its granular structure it is not 
possible for it to blister when subjected to a 
high heat in the furnace. 

(/. It is not liable to be strained by inequality of 
temperature. 

3. As the parts must of necessity be small, they are 
capable of resisting very high pressures and are not 
dependent on any system of stays or braces for strength. 

4. Its low first cost, together with the certainty that 
any number of parts can be made exact duplicates of each 
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Other, and the facility with which these parte cau be titled ' 
not only for original use hut to repluce defective or wora 
out sections. 1 

5. A defective section replaced b^' a new one renderB j 
a cast iron boiler aB good as new, which is claimed as a very 
great advantage over wrought iron hoilers. as a patch can 
never etiual in strength the original plate. 

Objections — The objections urged iigainst cast iron as a | 
(UHterial for steam boilers are, , 

1. That it is an nnGuitable material, in consequence of I 
its treacherous nature when subjected to high or unequal 
temperatures. 

2. That the cooling strains in the manufacture often 
produce flaws or other defects in the castings which are \ 
bidden to the eye and do not become apparent by merely ' 
testing them by hydraulic pressure, and which may, with- J 
out a moment's warning, lead to a sudden and disastroas ] 
fracture. ] 

3. Cast iron seldom gives warning by any of the indi- . 
cations of weakness which characterize or precede the 
failure of wrought iron. , 

4. Ciist iron being a crude product, there is no cer- 
Uiinty that castiugr* can be made uniform iu strength or in 
otiier qualities. 

5. Cast iron boilers are objected to on account of defi- I 
cient circulation due to their construction, and especially to 
the fact that they must be made in small pieces; that 
there is dilHfulty in getting the steam generated into the 
«team room of the boiler, without priming; but this is a 
(|Ue6tion of design rather than one of material — yet, as the 
material can only be ui$ed in certain si^^es and forms, the I 
objection is entitled to consideration. ' 

L The arguments here presented both for and against east i 

I iron as a material for steam bolters are, in the nniin, tho^e 
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offered by engineers and boiler makers when addressing 
actual or prospective purchasers. 

The reasons given for the rejection of cast iron as a 
material for steam boilera will doubtless be observed to be 
miscellaneous rather than specific. An inquiry into the 
relative properties of cast iron and wrought iron ought 
but does not show why the latter is preferred to the former 
material. Scarcely any two mines furnish iron ore of the 
same composition and it is doubtful whether any two fur- 
naces make an iron having precisely the same qualities. 
From this it will readily be understood why there may be 
some difficulty in making castings possessing certain qual- 
ities in the same degree. This latter, it may be said, is not 
absolutely essential to safety so long as the castings are 
sound and strong. 

The impurities usually found in cast iron and which 
give it character are, sulphur, which renders iron hot-shorty 
silicon or phosphorus, rendering it cold-short, and carbon, 
which gives to it its fusibility. The degree of hardness or 
softness of castings depends spmewhat, but not entirely, 
upon the quantity of carbon contained in its composition. 
The carbon present in hard and brittle castings is often 
chemically combined with the iron; while soft and tough 
castings contain perhaps the same percentage of carbon 
mechanically combined. The selection of iron for the foun- 
dry is a very important one, but can not be entered into here. 
The selection, however, must be such that castings shall 
possess moderate hardness, closeness of grain, strength and 
toughness. 

A comparison of the properties of cast and wrought 
iron will show that ordinary castings have sufficient 
strength for boilers, so that it is not on this account, but 
because of its unsatisfactory behavior in the furnace at a 
high temperature that has had most to do with its rejection. 




From a meau of mAuj experimeatg it may be said thatB 
orilinarv caniiiigB have a teneile streu^th of about lifteeiiij 
ihousanil pounds per square inch, or 6.69groa8 tons. "When^ 
Epecinl care h»8 been exercised in the selection and mixture 
of pig iron, cantings may be made of a higher tensile i 
strength, and tests show that a strength of twelve to fifteen 
tOD« per square inch may be obtained. This, however, 
9hoald be regarded as a maximum attainment and does not 
refer to ordinary castings, nor especially to thin cored work , 
required in the sections for cast iron boilers. 

The elastic limit of cast iron varies somewhat, but is 
not far from one-third of its breaking strain. This would 
^ve five thousand pounds per stjuare inch as the utmost 
limit of safety in common castings. AJlowJng a factor of 
Aafety for cast iron boilers of ten, a working pressure 
woald then be allowed of .223 ton or five hundred pounds 
per Bqoare inch of section. This would give for sections 
three-eighths inch thick a safe working pressure of one 
hundred and eighty-eight pounds per square inch. If it 
were a qnestion of atreugbh merely, this would be quite 
Mfficieni to meet "every case in ordinary practice. But 
every experienced fonndryman knows that castings can 
not be relied up'>n with any degree of certainty. Frac- 
tures in cooling are likely to occur at any point where two 
aarfaces join each other at right angles. If they ditler in 
thickness, or if the two pieces are of any considerable size, 
this is almost sure to be tlie ease. Blow boles are so 
frequently found in castings that their presence is gener- 
ally aiimitted in all ordinary work: as they are mostly 
below tliu surface there is no determining where they are 
located, to what extent they exist, or in what direction 
tbey \eiv\. In addition to this, the process of cooling in 
the Oiold after the casting is made, introduces a class of , 
^IjDormal strains which are brought about by the cooling 
^Hbioe of one portion of a casting over that of anotlier. 
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I These Btruius are of a very complex character and fre- 
I quently of themselves will distort if not fracture the piece 
containing them. Annealing ia frequently resorted to in 
order to counteract or neutralize these strains. In large 
castings slow cooling ia practised as much as possible, the 
effect of which is to develop a coarse, uneven grain, being 
finest near the surface and growing coarser and more irreg- 
ular toward the center. "Where pieces join each other, 
cavities are likely to occur by reason of the irregular 
grouping of the crystals, which is one of the principal 
, causes of these irregular strains. 

After a casting has been poured and consolidation 
begun, then, the more rapidly it can be safely cooled, the 
finer and more even will be the grain, and for any given 
metal the greater will be its strength. The cooling, in 
order to obtain the best results, should be uniform through- 
1 out the mass. To attain this, it may be necessary to 
L uncover some of the thicker portions of the casting. It 
the cooling be unequal and at the same time quite rapid, 
injurious strains are brought into action which may have 
the effect, as already stated, to fracture the casting at a 
weaker point. 

The quality of cast iron may bo judged somewhat by 
the appearance of the surface of fracture while still fresh. 
Soft and tough castings are coarser grained and have a 
less silvery luster than very hard castings. Tlje judging 
of the quality of castings at sight can only be acquired by 
experience. 

Crist iron in the fire — The effects of intense heat on east- 
ings is to melt off all sharj) projections and those parts 
I necessary to the bolting of the pieces together. The metal 
, almost invariably changes from the bright, granular appear- 
' ance characteristic of good castings, to very coarse, uneven 
ns, having scarcely any metallic luster. It becomes 
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txtremely brittle and is so unlike its former state that it 
i»iilterly unfit for further use in the foundry in the ppo- 
Jnction uf castings requiring strength. 

Tlie continued heating and reheating of any metal 
ffouM in time destroy it, but cast iron seems to be leasable 
Cowithstund the effects of severe heat and repeated cooling 
Ilian wrought iron. So far, the behavior of east iron in 
tbe fire huti been anything but satisfactory and at present 
it meets with but little favor among engineers as a material 
for steitm boilers. That form has much to do with its 
durability and safety ought to be admitted. 

The only cast iron boiler which has had an extended 
sale in this country is that designed by the late Joseph 
Harrison, Jr., and for many years manufactured by him at 
his works in Philadelphia. Mr. Harrison was an accom- 
plished and successful engineer, who gave many years of 
Talaable time in improving the details of this boiler and 
condacting experiments on a large iicale, which, fortun- 
ately, his abundant means enabled him to do. It is prob- 
able that any suggestion calculated to make this boiler a 
snecess had at least an intelligent and impartial trial. Not- 
withstanding all this, the boiler can not be said to have 
ever become popular. 

During the autumn of 1878, a gentleman contracted, 
through the writer, for a wrought iron boiler, to replace a 
UarriMin boiler, which had for thirteen years previously 
f^rniflhi'd the steam for driving the machinery of his mill. 
He Bljited that during this time the boiler worked to his 
•attHfaetion. 

There are other examples which go to show that when ' 
Aoitsble irons are employed, and the boiler properly 
dengoed and cared for when in use, cast iron inuybe uned 
io the conglniction of steam boilers. The essential requis- 
itWMom to be, that pieces be .imall aii<' 
pnyectlotu, or changes of directior> if I 
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necessitate an increase of thickness at the line of juncture. 
The castings should be of uniform thickness throughout 
and contain no external bolting flanges, or other projec- 
tions, in the fire. 

Where boilers are made wholly of cast iron and subject 
to internal or bursting strains, the sections should be, pre- 
ferably, as nearly spherical as possible, and should in no 
case have flat surfaces of any considerable extent forming 
either the outside or inside of a boiler. Every section in a 
cast iron boiler must be strong enough to withstand the 
pressure of steam without any system of bracing, or stays 
of any kind, except those necessary to the bolting of tlie 
parts together to make a complete boiler. 

In the construction of boilers partly of wrought and 
partly of cast iron, the strains upon the latter should be 
those of compression rather than those of extension. 



CHAPTER III. 



WROUGHT IROX AS A MATERIAL FOR STEAM BOILERS. 

Tenacity and Ductility of Iron — Properties of Iron, as Modified by 
Working — Welding — Texture of Wrought Iron — Effect of Cinder 
in Iron — Elasticity — Elastic Limit — Malleability — Flexure — 
Defects in Boiler Plates — Varieties of Plate Iron — Tests of Boiler 
Plate* — Homogeneous Iron. 

Wrought iron is prepared, usiially, from the harder vari- 
eties of pig iron, by a succession of processes such as refin- 
ing, boiling or puddling, squeezing, hammering, rolling, 
etc.; the primary object being to rid the iron of all the 
foreign substances contained in it which are calculated to 
reduce its strength and malleability, and, secondly, to pre- 
pare it in convenient size and shape for manufacturers' use. 

Wrought iron has for many years past been the princi- 
pal material employed in the construction of steam gener- 
ators of whatever kind. It has many qualities which make 
it a very desirable material for the purpose. That quality 
of boiler plate is judged to be the best which has the greater 
tensile strength, combined with ductility and malleability. 
These properties are affected in some measure by the 
impurities existing in the pig iron from which the plate 
iron is made, as well as the subsequent w^orking the iron 
receives before being rolled out into plates. 

It is impossible to eliminate all the impurities in cast 
iron during its conversion into wrought iron. The follow- 
ing table gives the chemical analysis of a sample of boiler 
plate having a tensile strength of fifty-five thousand pounds 
per square inch : 
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Irr'Ti ^ 99.3) 

•.*arV->ri .04 

Manza!;-^**- 17 

Silk-'n 15 

Siili..hur 03 

Ph'>-;'honi* 21 

1 »Yv.-.-» .... . !!0 

lOO.W 

The above iron contained, and is included in the above 
analviiis. O.y) per cent *ji cinder. The noticeable tbiiig in 
any anal\>i- of wrought iron is the small percentage of 
contained carbon. In order to show how nearly the imptl^ 
ities in ['iff iron arc remove*! during the process of con- 
ver.'sion. tlie eheniii-al analysis of an average sample of 
white iron \> iriven below, by which a comparison is easily 
instituted: 

Iron 89.44 

,. . «<«'iiii'i]i*:'«l 245 

< Fr*r»- Si 

Mari;rjiM***f 2.71 

Sili'-oTi 1.11 

.Sulphur 2.51 

Plio-plioni* «»1 

n».oo 

Wrought irons should possess in a good degree the fol- 
lowing properties: 

Tonarity. WeMing power. 

Ductility. 

Kach of these properties are influenced in some measure 
by the impurities in the iron, which may produce the fol- 
lowing; defects: 

('old-short iron is very brittle when cold, cracking 
badly, or breaking if bent at a sharp angle or doubled; 
but may be forged and welded at a high heat. This defect 
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soars in irons which have an excesB of phoepborua. Reit- 
lort, op hot-skcrt iron, may be teiiadoue when cold, but 
laily broken when hot ; it welds with great diffi- 
llty, thongli tough an<f reliable when taken directly from 
te bar and used cold. Red shortness occurs in iron con- 
iniiig an excess of sulphur. 

Tenacity is that property in it ruaturiul by which it 
siata a force which tends to separate or tear it asunder. 
bii is a very important property in irons intended lor 
mm boiler!*. The tensile strength of American boiler 
Bte will ruuge frotn forty thousand to sixty thousand 
iiinds per square incli. L^nle^s portions of the plates 
vt« been actually tested or the plates are knowu to 
ive been made from blooms of the very best (piality, it is 
>t safe to assume u greater tensile strength than forty- 
'e cboiiaaud pounds per square inch of section. This 
ipKea to such irons only aa are stamped by reputable 
^ers as C H. No. 1, and higlier grades; these latter are 
laally designated by some private Itrand or tr8<Je murk, 
line of these special irons are stamped and guaranteed 
tty thousand pounds. 

Boiler plates may possess higli tensile strengtli at the 
pense of other qualities, such as homogeneouanese and 
a^bness. There are manufacturers of boiler plate who 
press doubts hh to wliether an iron Huitable for steam 
ijlere can be made having all the necessary qualities and 
the same time possess a tensile strength greater than 
^•tive thousand pounds per square inch. They assert 
•t the iron becomes harder and more brittle as the ten- 
« strength increases, and that the properties of hardness 
id brittlenesfl introduced into the sheets by far outweigh 
\y advantages which may be gained by the increased ten- 
ItWreogth. 
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Toughness i$ air invaluable property in boiler plate, 
and means a oombiDation of qaalicies, sach as hardness, 
tenacity and duoiility. by whioh the material is better ena- 
bled to withstand the effeeis of irregular strains, and frac- 
tures induced by conrussion or bulging. 

Duetilitu is that property which a material possesses— 
likeiron. for example— of being drawn out without break- 
ing. This elongation is proiiuced by subjecting the iron to a 
teusile stress higher than the elastic limit when a perma- 
nent chancre of form takes place. It is found that tenacity 
has more iutlaonce upon the ductility of metals than mal- 
leability. We are thus led to expect that there will be 
something in common between the tensile strength and 
ductilitvof wrousrht iron. This will be affected somewhat 
by the quality of the original bar and the treatment it 
receives by subaet|uent working. 

The following tabic* shows the effect produced by dif- 
ferent modes of working, changes of temperature, etc. 
The conclusions given arc t\»unded upon a large number 
of experiments l>y Mr. Kirkaldy and others: 

TABLE 1. 

ON THE PRoPKRTIKS OF IKON. AS MODIFIED BY WORKING. 



TENSII.K 'iTRKN'lTH. DrCTlLITT. 

K<iiu'ini: «liaiii*-tt-r by r«'ll- 

,„„ IiK-rnaM^l Kt-tlncvd. 

liirfiiM»r ''f r«'ni'»viri>f ih** 

^jjj„ Nn alivraliiMi N*i alipretion. 

|;j riiifiii^' fljarufif-r hy ^>rc- 

j„^ Inrreaw'd Roducwl. 

Auu*-»\iuic B4Mlu«-d Incn^ai^l. 

(Rtf-ducf.-d from betwiHi'D^ 
^ '■"'*"'' I 4.1 and 4-t.8 p^-r rem J 



-> Vroui "N-'tMion Building ConRt ruction," RiTlngton's lx>ndon, 1879. 
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TABLE 1— CiiKTiNUKU, 



KM^nlns tn •■Im er f 
t Oid Rilllaa—fitiiiu.. 

OtU railing— tart 

'■ *tiwal*lnf. 

XM.A st floM, a- F 



Kntotnl [S.S pur wnl Ki'ducrd Id nenrl) all « 

K«<1ui'rd. 
Rcducrd. 



Bcduced « 



Tcxlitre of wrought irou — Irons are usually said to be 
in texture either fihrous or granular. When wrought iron 
hse been forgeii under a hammer directly from a bloom the 
forging presents a granular or jagged grain; this grain 
i« not uniform, in size in large forgiugs, being coari 
tn tbu (-■enter and liuest near the surface. If the 
process of hammering be continued, it will become, 
when reduced to smaller bars, uniformly tine grained. 
If, however, instead of this continued hammering, the 
nriginal (brged billet be run tbrougb a train of rolls the 
texture will have changed from granular to fibrous. 
M. Janoyer in a paper ou tlie texture of iron* main- 
tains that iron presents but a single texture, and that is 
tlie granular one; all others are only metamorphoses of 
thia, dne to defective temperature at the moment of finish- 
itig, which d(»eB not permit complete welding of the entire 
muBa. He suggests classifying wrought irou into welded, 
nou-welded and imperfectly welded irons, instead of iibroua 
&Od granular. When iron is pure and homogeneous its tex- 
' lure is grunulur. The operation of puddling consists in 
Btirring « mftss of spongy iron in the midst of a huth of 
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cinder, which prevents the intimate approximation of its 
particles. This opposes a thorough welding of the mau 
and favors the production of a fibrous texture; since dur- 
ing the subsequent working, the molecules can slide over 
each other, thus giving Vj the iron its fibrous appearance. 
The temperature at which iron is rolled has much to 
rlo with determining its texture: for example, if two or 
more bars of crude granular iron be laid one above the 
other to form a tagot. and this fagot be raised to a welding 
hoat and passed through a ^et of rolls, the result will be 
granular iron, it' the welding temperature be maintained! : 
if, however, the temperature falls below the welding point 
the texture will then be fibrous instead of granular, because 
or' the uri»'^|ual temperature of the bar, which permits the 
riiolc'rulen or {»article> of the iron to slide «>ver each other 
daring the process ot roliinjr. 

Cinder — All wrought irons contain more or less cinder 
in their rompo-ition. and the fibrous texture of iron may 
almoit always be trace*! to its presence, especially when 
workf'd in the rolls at tno low a temperature. The pres- 
«:u(:«i of i'iiider always prevents perfect welding. Squeezing 
the bloom=* as they come t*rt»ni the puddling furnace will 
n;r/jovf' a considerable portion of the cinder, but all blooni8 
\uU:jnl(r<l for boiler plates should be worked under a heavv 
-u-arii hammer until all the cinder is worked out of it, if 
-uch a tiling is possible. The i»resenceof the cinder, oxide 
of iron, or anv other substance between tlie surfaces of the 
two plates of iron will prevent their welding; these foreign 
substances between plates are the cause of blisters in boiler 
plater, by preventing perfect welding. 

Malleabiiiti/ is that [iroperty by which bodies may be 
drawn out by forging or hammering. Soft and fibrouK 
are more malleable than hard or trranular irons. 
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lioilur platen Beldom require reducing in tljicknesa, ora 
(rtlterwisi' wrought, except at joints in which three or " 
mure ptattiH intersect. Any iron at all suitable lor boiJere 
will posaess this property in a sufficient degree. 

FtfXHre — A very important property in iron for boiler 
pltttes is that of flexure, or bending. In every act of 
bending or flanging boiler plale llicre are two forces to be 
overcome ; 

1. The extension of the metal on the outside of the 
cnrve. 

2. The compression of the metal on the inside. 
As might he expected, thoroughly welded or grannlar 

irons henc] easier than tibrous. Boiler plates which will 
stand flanging or bending to a right angle both with and 
againeit the grain when heat«d to a cherry red, and with- 
out cracking or breaking in the curve, will be found suit- 
able for any ordinary boiler work. The lower grades of 
irou will scarcely stand such a test, except at a high heat 
and for nwrrow widths. 

The defects in iron boiler plattn ure principally imperfect 
welding, brittlenese and" low ductility, all of which maybe 
Ui^eJy overcome by a proper selection of materials in the 
earlier stages of its manufacture and by a careful manipu- 
lation during the successive operations of reheating, weld- 
ing, and especially by a thorough working under a heavy 
flteam liammer. 

Ordinarily, the selection of particular brands of iron 
fur the manufacture of boiler plate is entirely beyond the 
control of the persons who are to use the iron. Hence, irons 
of tliis class are usually guaranteed by the makers to be of a 
eertain tensile strength. This is usually satisfactory to pur- 
eh aaars, on the general belief that if the specimen tested has 
e tensile strength of, say, fifty thousand pou 
ti iuch of section, it possesses the other quail 
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needed for a good boiler plate not requiring flanging, anJ 
in this manner for plates required for any service. 

Varieties of plate iron — The wrought iron plates now 
regularly offered in the market are known as either C— 
C. No. 1 or C. H.— C. H. No. 1— and C. H. No. 1 flange. 

C. IRON, or charcoal iron, is the common boiled or pud- 
dled iron, rolled into bars or plates. This grade of iron is 
porous, and will become very brittle with repeated heating 
and cooling. It will not stretch much before breaking and 
will break suddenly. Its tensile strength ranges usually 
from thirty to forty thousand pounds per square inch. R 
is only suited for tank work, and ought never to enter into 
any portion of boiler construction. 

C. No. 1 IRON, or C. H. iron (charcoal hammered, as it 
is oftener known), is the same iron as the above, except 
that it is subjected to more careful working and is ham- 
mered into suitable blooms before rolling. This iron very 
much resembles the common iron in its general qualities, 
having but little elasticity and breaking with a sudden 
jerk. Like the above, it becomes very brittle by repeated 
heating and cooling, though somewhat stronger than C 
iron; its tensile strength ranging from thirty-five to forty- 
five thousand pounds per square inch. It is not a suitable 
iron for boiler construction. 

C. H. No. 1 SHELL IRON 18 made from C. H. blooms, with 
the addition of selected scrap, the whole being thoroughly 
welded under a heavv steam hammer and afterward rolled 
into plates. This iron, like the two others just described, i» 
injuriously affected by repeated heating and cooling, which 
has the effect to render it brittle. This is the quality of 
plate generally used in the construction of land bpilers 
using pressures of steam below eighty or ninety pounds 
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I>er square inch. It rarely enters into the construction of 
boilers for river or ocean service; its principal defect being 
a lack of homogeneity und imperfect welding. Its tensile 
"Ireugth is from forty to fifty thousand pounds per square 
inch. 

Shell irons are ofton made of a much better quality and 
higher tensile strength than the above, when ordered for 
any particular purpose. The following table gives the 
mechanical tests to which ten samples were subjected, and 
trhioh were taken from boiler plates rolled for river steam- 
boat service; live samples from Phillips, Nimick & Co., 
ind five from Lloyd, Son & Co., both firms manufacturing 
at Pittsburg, Pa. The tests were ma<le by Mr. George 
H. Atkinson, inspector of steam boilers at that point, the 
testing machine used being the design of Rehlie Brothers 
and of tlie kind furnished the United States government. 
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C. H, No. 1 FLANOB IRON IB similar to the above, the 
diflerence being that only the verj best scrap iron and 
charcoal hammered blooms are used. The greatest care 
IB exercised in the selection of materials, and the working 
in the forge is such as to insure thorough welding. In tex- 
ture it is leas fibrous and more granular than any of the 
irons preceding it. On account of its nearer approach to 
a homogeneous structure, it is less liable to blister or crack 
in the fire. It will atand repeated heating and cooling, 
and should have good flanging qualities. The tensile 
strength should never fall below fifty thousan'l pounds per 
square inch, and does not often exceed sixty-five thousand 
pounds. The elastic limit will vary from eighteen thous- 
and to twenty-five thousand pounds per square inch, and 
will stretch from twenty-five to thirty per cent in ordinary 
two inch specimens. This is the highest grade of iron 
regularly ottered in the market and is quite extensively 
used in the construction of marine boilers and for the 
heads and other flange platea of land boilers. 

Plates of this quality of iron are usually branded with 
the name of the maker and the guaranteed tensile strength ; 
thus: ^^H 

SMITH. JONKS A CO. ^^H 



This method of stamping was introduced in order to < 
meet the requirements of the government regulations with 
reference to the quality of plates entering into steam boil- 
ers intended for use on board steam vessels in the United 
States. The pressure of steam allowed to he carried is 
determined upon the shape of the boiler and the tensile 
strength of the material ; hence the figures stiimped upon 
the plates ought always be below the actual tensile strength 
of the plates bearingthem. A sample slieared from several 
plates bearing the stamp of the makers and intended for 
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eteamboat boiler service were taken to the Custom House, 
Pittsburg, Pa. and tested bj Mr. Atkinson, with results 
as given below: 

TABLE III. 

TENSILE STRENGTH OF IMIILLIPS, NIMICK A CO., C. H. No. 1 FLANOE IKON. 

57,000. 



SAMPLE. 


BRKAK- 

INO 
WEIGHT. 


TENSILE 

HTBENOTH 

PEE 

SQUARE 

INCH. 


KLONOA- 

TION IN 

PARTS OF 

AN INCH 


TIME 

CONSUMED 

IN TEST, IN 

MINUTES 

AND 
SECONDS. 


WEIGHT 
ON THE 
MACHINE 
AT 
WHICH 
ELONGA- 
TION 
COM- 




TBICK- 


WIDTH. 


REMARKS. 














MENCED. 














MIX. SKC. 






.26 


l.UO 


20,600 


79,230 


.1875 


5.0(1 


Ifi.r^X) 


Short specimen. 


.26 


1.00 


16,700 


64,230 


.1875 


n.30 


14,5<I0 


V. S. regulation 


.25 


1.00 


]9,:iO0 


77,200 


.1875 


4.00 


16,000 




.25 


1.00 


19,900 


79,600 


.1876 


4.30 


16,50(1 





The writer was shown at the works at Phillips, Nimick 
A Co., Pittsburg, Pa., another grade of flange iron named 
by them sligo c. h. no. i flange, which was guaranteed 
sixty thousand pounds tensile strength at its lowest limit- 
Specimens of both hot and cold flanging shown at their works 
attest the superior quality of this brand of iron. Its ten- 
sile strength, as given by them, was from sixty thousand to 
sixty-five thousand pouuds per square inch, with an elastic 
limit of from twenty thousand to twenty-two thousand 
pounds and a stretch of twenty-eight to thirty per cent. 
Samples of this iron, taken from plates rolled for a boiler 
Intended for a western steamboat and tested bv Mr. 
Atkinson, gave results as follows: 
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TABLE IV. 

TENSILE STBENQTH OF PLATES STAMPED, PHILLIPS, NIMICK A CO. O 

No. 1, SLIOO, 60,(K)0. 



B, 



THICK- 
NESS. 



.23 
.23 
.23 
.31 
.24 
.28 
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WRIGHT. 
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SQUARB 

INCH. 


WIDTH. 


1.00 


14,800 


64,347 


1.00 


16,200 


70,434 


1.00 


15,600 


67,826 


.80 


16,100 


64,919 


l.«JO 


l.^TOO 


65,416 


.H6 


16,600 


68,936 



TIMB 
KLONOA- COM8UMRD 
TION IN IN TKST, IN 
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AN INCH. I AND 
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.1875 

.187:. 

.1875 
.1875 
.25 
.1875 



MIN. SKC. 
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3.30 

4.00 

3.30 

4.00 



WEIGHT 

ON THK 

MA.CHINB 

AT 

WHICH 

KLONGA- 

TION 

COM- 

MKNCKl>. 



RKMARKS. 



13,000 
14,000 
14,000 
15,400 
13,500 
14,500 



Short Mpedmon 
U. S. regula- 
tion. 



This firm make another and higher grade of iron which 
they call sligo special. It is a high grade of flange iron, 
specially adapted for the construction of all kinds of steam 
boiler work. This iron will stand working into any shape 
in which it is possible to work iron, and the makers claim 
that its qualities are improved by repeated heating and 
cooling, an assertion borne out by exhibiting specimens 
which had many times been reheated and cooled and then 
doubling the plate cold. The guaranteed tensile strength 
was given at from sixty-two thousand to sixty-eight thou- 
sand pounds per square inch, with an elastic limit of 
twenty-five thousand to twenty-eight thousand pounds and 
a stretch of from thirty to thirty-three per cent. 

Another grade of iron is manufactured by them called 
SLiGO FIRE BOX IRON, having qualities the same as the pre- 
ceding iron, and a tensile strength from sixty-four thousand 
to seventy thousand pounds per square inch and elastic 
limit from twenty-eight thousand to thirty thousand 
pounds, with a stretch from thirty to thirty-three per cent. 
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Tliese irous are free from anything like brittleness, are 
toagli and have a liomogeneouB granular texture, with 
wcasional fibers! of silky luster in bending fracture. The 
writur regrets that he was not able to obtain at this time 
samples from plates rolled to order, that special tests might 
Ni made. The liguree given above are those resulting fronn 
tests made by the company in their laboratory upon a 
R<hlie Brothers' testiug machine, for their own guidance 
ui its iDanufacture. 

Homogeneous iron or (as it is oftener called) mild steel, 
'« t somewhat recent term, used to designate a wrought 
Toti of uniform granular texture throughout its mass; it 
1* Dot necoesarily to be considered as purer tliau other 
Wrought irons and may contain in some degree most, if 
lot all, the elements usually considered as impurities in pig 
Ton, The term homogeneous in this connection simply 
Inipjies that the iron is of the same kind or of the same 
■Utore throughout the plate. It should be entirely free 
from cinder, as it would be impossible to make a homogen- 
eous iron with cinder in its composition, for the reason that 
it haa no affinity for and being of an entirely different 
nature from. iron, will not combine with it; the presence 
vT cinder in any iron prevents contact or perfect welding, 
Ijy keeping the molecules of iron asunder and is one of 
the reasons for the fibrous cliaracter of ordinary wrought 
bar and plate irons, 

Uoroogeneous iron can best be made by a suitable pre- 
paration of the iron by either tlie Bessemer or Siemens- 
Martin process, or by melting wrought iron in crucibles 
and then casting into a solid ingot, from which the platen 
or bars may afterwards be made. 

ThU material is known in the market under the namus 
^homogeneous iron, mild steel and homogeneous sUel. The 
^Hftof ijyjot iron hn3 also been proposed. The latter is. 
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perhaps, more nearly correct than the three former anc 
is probable will come into general use in time. As i 
does not sensibly harden unless it contains at least 0.30 
cent of carbon, it would appear that the use of the U 
steel is scarcely allowable. At present, however, the qv 
tion among boiler makers is, broadly. Iron vs. Steel, anc 
order to kepp the two separate the term steel will be u 
in this book to designate the particular material j 
described, though homogeneous or ingot iron is, as alrej 
said, more nearly correct. 



CHAPTER IV. 



TEEL AS A MATEHIAI, KDIt STEAM BtJiLER.S 

fulla 'if Ihe Earlier Sleel P1at«s— Quail ticis ID Steel wbiob RecAm-J 
[U(>nil it as a Hat«rittl for Boilers — Its Nature miiet be Studied — 
— Thp Dereole of Steel — HomogeTjeoiis Pliilea — Impurities wbicbl 
Affiwrt th« QiuJit/of Plates— Tensile Strength of Steel Plates— I 
f>ucibl« Slt-el I'latifB— Bessemer Steel Plates— Open Heiirtb Steel'l 

SlfH is usiiully spuketi of as an intermediate metal 
'*©twueii wroiiglit ami cast iron, its poaitiou being deter- 
'**i»e<l by the quantity of carbon contained in its conipoa- 
'*-ioii. For the higher grades of steel this may be true, but 
*" the (luantity of carbon in steel boiler plates is often lesB , 
^hari in found in samples of wrought iron, this iletinitiou, J 
'hen, is defective. The diflerence between ^teel and I 
*vrought iron does not consist entirely in the quantity of I 
uarbon contained in the former over the latter, but rather 
that 8t«el has been melted and east into a malleable ingot, 
which is an entirely different thing from puddling and one J 
in which the ([uautity of carbon contained in it has noth'l 
log to do, especially when present in very small quantities, [ 
■ in mild or very soft steels. When there is carbon enough . 
k-steel to cause hardening when suddenly cooled, it then 
P^JB an important part in its quality and imparts to it , 
jbpertiea which are not wanted in boiler plates, but which | 
i valuable in steel intended for tools and other purposes-f 
''Steel is characterized by a line granular texture, anM 
rlien the contained carbon amounts to 0.40 to 0.50 perl 
<-«ii1, it has the property of hardening and taking a tem-fl 
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per. There are several varieties of steel, diftering in 
strength, hardness and ductility. The particular quality 
of steel best suited for boiler plate contains from 0.12 to 
0.20 per cent of carbon, or so little carbon as to permit a 
red heat and sudden quenching, without destroying the 
property of flexure. A higher percentage of carbon increases 
the tensile strength, at a loss of ductility. 

The advantages of steel as a material for boilers were 
recognized many years ago and was so employed to a 
moderate extent. 

A leading article in Engineering, 1878, says : " It was 
not till about fifteen years ago, when plates of Bessemer 
steel were oflfered to the makers in quantities, that the use 
of steel for boiler making can be said to have become fairly 
established. Even up to the present day its use to any 
•considerable extent for stationary boilers has been confined, 
with few and unimportant exceptions, to some half-dozen 
boiler works in the Manchester district, but these are of 
the very highest standing. Only two of these, however, 
have used steel extensively for shells, the rest having con- 
tented themselves by using it chiefly for the furnace tubes. 
Bessemer steel plates have been used for boilers of various 
kinds by upwards of fifty other makers in different parts 
of the kingdom, but as a rule against the advice of these 
makers, and (shall we say consequently?) often with unsat- 
isfactory results." "For marine boilers, steel plates have 
been used only to a very limited extent. Of forty of the 
best known firms of marine engine builders, including 
those who make for the Admiralty, up to a very recent 
^ate only about half a dozen had used steel plates and 
half of these would not have used them if they had had 
their own way." 

The steel furnished in this country, as wbW as that made 
Abroad during most of this time, not possessing the proper- 
ties required to make its employment a success, fell into dis- 
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iBvorandliaabeeD for along time under a cloud; many mttii- 
ufacturing eataljUshmenta well known to the writer decliii- | 
iog tti have anjtliiiig to do with it — others employed it! 
because contracts called for it, but with the understanding] 
there flhnuld be no recourse for damage in case of failure. 1 
No doubt this has had much to do with the little attention ' 
given to the production of a reliable steel boiler plate. At 
this time, however, a marked change is observed in manu- 
fdcturers and users alike. There is a growing demand for 
ftleel boilers, not only in this country, but in Europe. From 
the present outlook it seems almost certtiin that the boiler ■ 
«tf the future will be of steel, i 

Steel as ii material for steam boilers recommends Itself i 
un account of its homogeneity, tensile strength, malleahil- I 
ity, ductility, freedom from laminations and blisters Itl 
requires greater care in working than is usually given to 1 
iron. It is a higher material and requires a higher intel- ' 
ligence to properly work it. This intelligence means a 
knowledge of the properties and peculiarities of the mate- 
rial. Steel differs so much from wrought iron that in 
order to work it properly its nature must be studied 
und understood. To demand that it shall conform to 
all the. ordinary practice of working wrought iron is 
absurd. If it can do so, well ; if not, then the method 
iif working must conform to the nature of the mate- 
rial. Steel is not a material of definite (inality and its 
properties vary with each change of quality. It can he 

IB »do almost as hard as a diamond, certainly hard enough 

^K^OtgliLHA. There is no substance known which equals 
^^HplMticity a good steel watch spring. It is possessed of 
^^H^gbnees which is uuappronched by any other kind of 
^^^nl; It baa strength in all directions and before it breaks 
^^KOl yield even to fifty per cent. It may be hardened, 
^^HSKred or annealed at will. During these processes the ■ 
^^H^iol U etadied and is work<>d in such manner as is best m 
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suited to its quality. No one thinks of subjecting bar iron 
and bar steel to the same treatment in the forge or work- 
shop. It is not unlikely that many failures in steel boiler 
plates have arisen from the want of this very precaution 
at the outset. A steel plate was used just as an iron plate, 
and because it failed under such treatment the material 
was condemned as untrustworthy and dangerous — a sweep- 
ing verdict, which can come only of impatience, careless- 
ness or ignorance. 

There is no doubt that many of the earlier faults in 
steel were due to imperfections in manufacture or impru- 
dent handling and cooling after rolling. But now that 
plates are carefully made and annealed after shearing to 
dimensions, the burden of the responsibility rests largely 
upon the boiler maker. 

Quoting again from Engineering the writer sums up 
his review of steel for boilers as follows: 

"That of some eighty boiler makers who have fairly 
tried steel plates, only some eight or nine can be said to 
have persevered with its use and used it extensively; that 
where the use of steel plates has been persevered in against 
the advice and feeling of the boiler maker, the result has 
trenerally been unsatisfactory ; that it may be taken for 
granted that the prejudice on the part of boiler makers 
against the use of steel is, as a rule, inversely proportion- 
ate to the extent of their acquaintance with it. It would 
appear that those makers who have not been alive to the 
difference required in the working and treatment of iron 
and steel, or who have gone timidly to work and let the 
workman find out for themselves the best way to treat 
steel, have usually had trouble and have only been too 
glad to receive a confirmation of their adverse opinion." 

The defects in boiler plates — For steel, the principle 
defects are brittleness, low ductility, and flaws induced by 
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ipreeence of cavities formed by bubbles ot nir or gaa in the 
Jpnal ingot. The two former may partially be overcome 
hya Btiil further removal of the foreign siibetancea which J 
Affect the softuesa of steel nud by redueing it to a more j 
nearly jmre iron. The latter is not so easily overcome; it 1 
is dciablful whether a cavity onee formed by a bubble of 
air or gas in the body of an ingot can ever be welded by 
Bobitequciit hammering or working of any sort, owing to , 
the interior snrface of the cavity being lined with a film j 
of uxide which may be brought into close surface contact, I 
but nut welded. Such a cavity, flattened down during the j 
process of hammering and rolling into a mere surface con- 
tact, must be rcgiirded as an incipient fracture, which may I 
at any time spread to almost any extent and in any direc- 
tion, when the conditions are such as to induce it. The 
harder the steel the greater the certainty of 8Ui:h exten- 
rioD of fracture: this tendency is diminished as softness 
and ductility are increased. 

'In steel plates ductility is u property of very great 
importance, for without it plates are liable to give way 
without any of the usual indications of failure or even a 
ntoment'fl warning. Other things being equal, ductility 
iocreiises in this material as its tensile strength is dimin- 
ished. It is only in homogeneous irons or mild steels, as 
they are usually called, wliich possess this property in the 
highest degree, and these are not usually made having a 
t«u:<ile strength higher than about seventy thousand 
pounds per square inch; a reduction to sixty thousand 
or even fifty-five thousand pounds will be found to be still 
more rtnctile. Some experiments by Mr. Charles Huston 
mericim steels exhibited the following results: 

(1) 
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TABLE V. 



Crucible steel (not qiiito hard enough to temper) 

Crucible steel (ordinarily soft) 

.Siemens-Martin steel (exceptionally soft) 



TEN8ILR 
STRENGTH. 



78,366 
64,0(10 
M.GOO 



CONTRACTIOK OlK 
ARBA, PER CEKT. 



26.66 
86.33 

47. 



The increase in ductility, in proportion to the decrease 
in tensile strength, is quite marked. 

There is a limit to the amount of ductility which can 
be given homogeneous plates, arising from the practical 
difficulty in the manufacture of solid ingots. This diffi- 
culty is not entirely confined to mild steels, though the 
ingots are apt to be more spongy in a soft and ductile 
metal than in the harder varieties. 

This fact has engaged the attention of steel makers for 
some years and plans for compressing the fluid steel have 
been suggested by several prominent manufacturers, among 
whom are Sir Henry Bessemer and Sir Joseph Whitworth. 
The latter subjects the molten steel to a pressure of some 
six tons per square inch, by which all cavities are closed 
up, the gases contained in them driven out, the metal being 
compressed to about seven-eighths of its original bulk, its 
density and strength being greatly increased. Owing to 
the great cost of compressing steel by either of the above 
methods, it can not be at present adopted in the commer- 
cial production of boiler plate. 

The writer saw at the Edgar Thompson steel works, 
what is now their regular practice, the compression of steel 
ingots by steam. After pouring the ingot a cap is placed 
over the top of the mould and securely fastened by a key, 
making a steam tight joint. A flexible tube leads from 
this cap to a conveniently arranged steam pipe. A pressure 
of about seventy-five pounds of steam is used in compress* 
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i°g tiio fluid ingot, und has given very satisfactory results. J 
Tbo ul>sence of anything calcalated to impair the quality I 
(•f tile ingot 18 a valaiible feature in the process, 

Homogeneona steel plates are expected to possess in a 
jEOod degree, tenacity and ductility, and to be more nearly 
f'laal in these properties when tested both lengthwise and 
a4;ros« the grain than is usual in fibrous wrought iron plates. 

In Mr. Kirkaldy's teats of Krupp's and Yorkshire iron 
(•(at«8, the differences in tensile strength were found to be 
IM follows ; 

^^^^ Krupp — Stress per si(tiare inch of troulumi 

^^ft area 85,144 ll.s 

^^^H Yorkshire — Stree* per square iacb of fractured 

^^H firoa "U.14(l Uw 

^^^H «L'K(WS tun 

^^^^KKrapii — Stress per wgunre inch of frniitiireil 

^^^V mne*...- 115,359 lbs. 

^^^HlYortcali ire— Stress jier si[Uiire inch of fruirtured 

^^F »reB,_ ,M,ll01bs, 

^^KTbese specimens were uuannealed. The ligurea show 
^^BjkTeri^ of nine specimens of Krupp's iron and an 
^^^n^ of eighteen of the Yorkshire iron. 
^Hnt will be observed that in Krupp's iron the difference in 
^^Hple fltrctigth, when taken in the two directions, stands 
^^^vl4 to 65,359, or the iron is 30.3 per cent stronger in 
^^B4irection of the fiber than across it. And similarly 
^^BTorkahirc iron has an increased strength of thirteen 
^^Eoeiit in the direction of the tiber over that taken from 
^HlMB tlie plate. 

^^Klfr. Kirkaldy made some tests of the Landore-Siemens j 
^^Bl for the English Admiralty in 1875, in which it was J 
^^Bini to be a remarkably homogeneous metal, with resulta I 
«■ follows : Unannealed plates, 0.37 inch thick, 10 inches I 
between supports, ultimate strength per square inch length- I 
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wise of grain, 72,878 pounds; ultimate strength per square 
inch across the grain, 72,670 pounds; or a difference of 
only .00286 per cent, showing it to be much superior in 
this particular property than either of the two former irons. 

A homogeneous steel plate will be a doubtful gain if 
secured at the expense of even a partial loss of ductility 
over the very best iron plates now manufactured. 

One of the principal faults of a homogeneous plate is its 
liability to fracture from very slight surface or edge imper- 
fections when under high tension — imperfections which 
would scarcely, if ever, affect a fibrous iron plate. In 
such a case the stronger steel plate would obviously be 
inferior to an iron plate, not in strength, but in trust- 
worthiness. A fracture once begun in a homogeneous 
plate will extend from the edge into the body of the plate 
if that be the direction of least resistance. In this respect 
it is almost the very opposite of iron, which usually con- 
fines its fractures to the line of rivet holes, or if in the 
body of the plate the fracture usually follows the direction 
of the fiber slowly and does not extend in the rapid man- 
ner in which it is apt to do in a steel plate. 

So far as correcting mere fractures in a plate are con- 
cerned much can be said in favor of a fibrous over a homo- 
geneous material. It is not an uncommon practice where 
fractures are discovered in iron plates to stop its extension 
by simply drilling a hole at the end of the fracture and 
inserting a rivet — the fractures often being repaired 
without removing the plate. 

There is little doubt that a homogeneous plate will 
resist strains which induce fracture much longer than iron 
plates of the same thickness, but once the fracture is 
started a homogeneous plate will allow its extension in a 
shorter time and to a greater extent than a tough fibrous 
plate would. Still, with all its drawbacks, a good tough 
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OlOgetieous metal of reasonaMe tensile atreugth anda 

"i dactility is, all things cousiderod; tlie best material ' 
that can be selected for boiler construction. 

The ordinary imparities which afl'ect the quality of 
steel are pbosphome, sulphur and silicon. 

Pliospliorua renders steel cold-short, and as boiler plates 
are nitiiiilly worked cold, the less there is of it in the plates 
the better. The highest allowable limit in good steel 
boiler plate is 0.08 per cent and should not exceed 0.05 c 
0.06 per cent if possible; it having no perceptible eftect 
o» plates at that percentage. 

Sulphur renders steel hot-short and thus oft'ecta the 
working in the steel works rather than in the boiler shop, 
except in fliinge plates. Sulphur should not exceed 0.05 
per Cent in steel boiler plates and even at this perceutage 
Ebe plates should contain at least 0.25 of manganese i 
order to counteract the hot-short eflects of the sulphur. 

Silicon in steel boiler plate, even in small quantities, 
renders it hard and decreases its ductility. It ought not 
giceed 0.05 per cent in any steel intended for steam 

f Copper is sometimes found in eteet and when present 
my appreciable quantity renders steel hot-ehort and J 
r> a marked effect upon its welding properties wheB | 
wnt in quantities exceeding 0.03 to 0.05 per cent, 
""he effect of carbon in steel is to iucrease its hardness 
1 to decrease its fusibility and welding power. 
PTlie following table shows the cD'ect of different quan- 
of carbon in steel and iron : 
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TABLE VI. 

SHOWING THE CUARACTERffiTICS OF IRON AND 8TEEL FOR DIFFERENT 

PROPORTIONS OF OONTAlKED CARBON. 

{Bamrmann'* Metalturgy). 



NAMJ. 


PERCKNTAOK 
OF CARBON. 


PROPBRTIRS. 


1. 

2. 


MaUeable iron« 

Steely iron 

Steel 


0.25 

• 

0.35 
0.60 
1.00 to 1.50 
1.76 
1.80 
1.90 
2.00 
6.00 


Is not sensibly hardened by sudden cooling 
Can be slightly hardened by quenching. 
Gives sparks with a flint, when hardened. 
Limits of St eel of maximum hardness and tenacity 
Superior limit of welding steel. 
Very hard cast steel, forging with great diflSculty. 
Not mallftable hot. 


4. 


Steel 


5. 


Steel 


6. 


Steel 


7. 


Steel 


8. 


Cast iron 


Lower limits of cast iron, cun not be hammnrfHl . 


9. 


Cast iron 


Highest carbureted compound obtainable. 







The percentage of carbon in the above table is greatly 
in excess of that used in the manufacture of boiler plate; 
the quantities in actual use for this grade of metal may be 
found in the analyses of the different samples of steel as 
given in this chapter. 

Tensile strength of steel boiler steel — This is a subject on 
which opinions have, in the past, widely differed. There 
is little doubt that the earlier steel boiler plates were made 
of too high tensile strength and too little ductility. At 
present most English engineers require that the plates 
shall in no case exceed twenty-nine tons (64,960 lbs.) per 
square inch. It is found, however, that steel with 
a strength of twenty-six tons (58,240 lbs.) per square 
inch will weld better and with more certainty than 
steel of a higher strength. A mild steel is more eas- 
ily worked and less likely to be injured by careless hand- 
ling than steel of high grade, and if it can be kept as low 

'^Wrought iron, not malleable cast iron. 
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ily tliousand pounds teuaile strength per squiire iucb, 
ir»ing ductility and toaghnosa, it will be amply strong 
Mid will meet every onlinary requirement in boiler con- 
^ruction. 

Requirementti of steel platen entering into tlie construc- 
tion of Bteam boiterB made under the supervision of Lloyd's J 
Register of Britiah and Foreign Shipping: I 

1. "The material to have an ultimate tenaile strength 1 
of not lefta than twenty-six tons (58,240 His.) and not more 
than thirty tooa (67,200 Itis.) per square inch of section. 

2. "A strip cut from every plate used in the couatrue- ' 
tioii of the furnacea and (combustion chambers and strips 
cut from other plates taken indiscriminately, heated uni- 
formly to a low cherry red heat and quenched in water of 
83° Falirenhoit, must stand liending to a curve of which 
the inner radius is nat greuter than one and n half times 

P thickness of the plates tested. 
Is. "All the holes to be drilled, or if they bo punclied 
l^lates to he afterwards annealed. 
A. "All plates, except those that arc in compression, 
t are dished or flanged, "r in any way worked in the 
f to be anneuled after the operations arc completed. 
5. "The boilers upon completion to be tested in the j 
I presence of one of the society's engineer surveynra, to not ] 
I ie« 3 than twice the intended working preesure," 1 

^^■t^he three competing steels now in this market are c-ru- I 
^^^U steel, Bessemer steel and the Siemens-Martin steel. | 
^^H|^ latter is oftener knoMn as Open Hearth steel. 
^^^■TbeBu arc to be regarded as distinguishing prwfjuies 
^^^Ber than throe different kinds of steel, us they do not 
^^^nuarily produce a material having cheniiciil or mechan- 
^^^R properties widely differing from one another. 

^^^KpniaAU »ted boilrr plate — T)je pnu-ticcof Park, Brother , 
^^^Hp,, tltlaburg, Pennsylvaniii. in the munnlUcture of cru- I 
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cible steel boiler plate, is to select a suitable wrought iron, 
one which shall be as low in carbon and as free from 
impurities as possible. These bars are cut up into short 
pieces and are afterwards packed in crucibles containing a 
charge of about eighty pounds each. These crucibles also 
contain a very small quantity of charcoal, just enough to 
render the iron fluid, so that it may be poured from the 
crucible into an ingot mould. These ingots are then rolled 
into plates. 

The testing of the plates in the mill consists in shear- 
ing oflT a strip an inch or more in width, heating it to red- 
ness and plunging it into water, allowing it to remain 
there until cold; the sample is then bent over double and 
hammered down with a sledge or steam hammer, until the 
surfaces touch, as shown in the engraving, figure I. 




FlQURB L 

If the steel will stand this test without showing any 
signs of fracture it "passes inspection" and is then sheared 
to the sizes required for the market. Should the sample 
show a fracture or crack in bending, the whole plate is 
rejected as being unfit for steam boilers. 

A difliculty in the manufacture of crucible steel plate 
is to keep down its tensile strength. This requires great 
care in its manufacture, for if the tensile strength is too 
low the plates are apt to be soft or spongy in some places 
and harder in others; this, of course, would not be a 
homogeneous material and would, in consequence, be unfit 
for boiler making. 

The lowest practical limit of crucible cast steel boiler 
plate is about sixty thousand pounds tensile strength ; the 
maximum tensile strength should not greatly exceed 
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ftjr-five thousand pounds. Crucible steel ranging i 

te etreiigth i'rom sixty-five thousand to seventy 

TOOQSftnd ponnds and having ductility enough to elongate 
pigltteon to twenty for cent on a two inch specini 
Iwen found ti» be ii good steel in practice. Park, Brother 
4 Co. hiive succeeded in making a sixty thousand T. S. 
sleel which elongated thirty per cent in a two inch speci- 
nien. The amount of carbon in the sample tested was 
016 per cent; another sample containing 0.27 per cent of 
(arbon elongated twonly-Uve per cent in a two inch speci- 
Wcn and stood a tensile strength of seventy-five thousand 
pfluiids. I 

The quality of crucible steel boiler plate depends 
more upon the quantity of carbon contained in its compo- 
sition than upon any other element. The following 
BDttlysia hy Park, Brother & Co. shows the composition of 
tlieir standard seventy thousand pound boiler plate: i 



I 



Carbon 



Carbon (comliiTiwl) 0.301(1 

irbon (graphite) none 

0492 

ihoTUs. 0,0298 

ilpfaor 11.0163 

,nganese. <).0f)43 

'ron (by aifferenoe) „ 99,5^94 

lOO.UOOO 



The following analysis of the same grade of metal from 
llic same firm, whs made at the Midvale Steel Works, 
Nit-etown. Ph , by It. Kent and H. G. DeBrunner : 



:, Brtthn Or Co.. Uamajauaui BoOer Plait, Samly Theuiind Panhdi. 

^rbaii (oombiaed) 02S 

">on(grapliile) none 

0,05 

OOX 
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Sulphur 0.02 

Manganese 0.10 

Iron (by difference) 9y.52 



100.00 



Analysis of Park, Brother & Co., homogeneous boi 
plate, seventy thousand pounds tensile strength, as det 
mined at the School of Mines, Stockholm, Sweden : 

Carbon 0.290 

Silicon 0.040 

Phosphorus 0.033 

Sulphur , 0.015 

Manganese 0.050 



[Iron, by ditference. 



.428 
99.572] 



100.000 



The mechanical tests given below are by Mr. Atkinsi 



TABLE VII. 

tensile stkknotu of pahk, brother a co. homogeneous (cruch 

boilp:r plate, to.ooo i'ounds. 



HAMPLK. 



TIIICK- 

NBHS. 



.27 
.•-*7 
.27 
.27 
.23 
.235 

•a 

.226 



WIDTH. 



.98 
.9H 
.98 
1.00 
1.00 
1.00 
1.00 





1 
TKNSILE 


BRKAK- 


STRBNUTH ; 


IN» 


PKR 


WKIOHT. 


SQUARK 




INCH. 1 


20,<K)0 


7'»,5H5 


19,7'W 


74.452 


•20,4<K) 


77,097 


19,400 


73,318 


17,200 


74,782 


18,000 


7r.,595 


16,400 


71,304 


16,800 


70,222 



KLON<4A- 

TION IN 

PARTS OK 

AN INCU. 



.2'. 



.25 

.25 

.25 

.25 

.25 

.3125 

.3125 



TIMK 

CONSUMED 

IN' TKST, IN 

MINUTES 

AND 
SKCONDS. 



MIN. SEC. 
5.0() 

5.(K) 

5.(K) 

5.00 

4.00 

4.0<) 

4.00 

3.30 



WEIUIIT 
ON THE 
MACHINE 
AT 
WHICH 
ELONOA- 
TION 
COM- 
MENCED. 



15,«>00 
15,<HK) 
15,0<H) 
14,000 
14,.')00 
14,000 
13.500 



REMARK 



Short speci 
U. S. rei 
tion. 
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TABLE VIII. 

TKN8ILE .STRENGTH OF 70,000 POUND STEEL BOILER PLATE, MADE BY 
HUSSEY, HOWE A CO., PITTSBURO, PA. TESTS 
BY MB. ATKINSON. 



UM?LE. 


BKEAK- 

INO 
WEIGHT. 


TENSILE 

8TBKNOTH 

PEE 

8QUABE 

INCH. 


ELONGA- 
TION IN 
PABTS OP 
AN INCH. 


TIME 

CONSUMED 

IN TEST, IN 

MINUTES 

AND 
SECONDS. 


WEIGHT 
ON THE 
MACHINE 
AT 
WHICH 
ELONGA- 
TION 
COM- 




THICK- 


WIDTH. 


BBMABK8. 









— - — . — 


— 




MENCED. 








MIN. SBC. 






.25 


1.00 


18,300 


rj,20o 


.25 


4.00 


16,500 


Short specimen 


^ 


1.00 


19,000 


76,000 


.1875 


4.80 


17,000 


U. S. regula- 
tion. 


.0 


1.00 


18,000 


72,000 


.25 


3.30 


17,000 




.25 


1.00 


18,500 


74,000 


.25 


4.00 


17,200 




.25 


1.00 


18,800 


75,200 


.25 


4.00 


17,400 




.25 


1.00 


17,800 


71,200 


.25 


3.30 


16,500 




IS 


1.00 


17,600 


70,400 


.1875 


3.30 


16,000 




.25 


t.oo 


18,400 


73,600 


.1875 


4.00 


17,00<» 

• 





Bessemer steel is made by first melting in a cupola a 
charge of about six tons of pig iron rich in silicon and low 
in phosphorus; this molten metal is conducted by a suit- 
able trough and allowed to flow into a large vessel called 
a "converter" — the details of its construction being such 
that air may be blown up through a perforated tuyere box 
placed in its bottom, thus compelling these jets of air to 
pass up through the molten metal. The oxygen in these 
jets of air having a greater aflinity for the silicon than for 
anything else in the converter combines with it first and 
causes the charge to " work hot," after which the carbon 
begins to burn, and, as described by Mr. Holley, ^'the vol- 
ume and brilliancy of the flame increase and the surging 
mass grows hotter and boils over in splashes of fluid slag; 
the discharge is a thick, white, roaring, dazzling blaze^ 
md the massive vessel and its iron foundations tremble 
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under the violent ebullition. Towards the close of the 
operation the flame becomes thinner, and when* decarbon- 
ization is complete it suddenly contracts and loses illu- 
minating power. The determination of this period is the 
critical point of the process. Ten seconds too much or 
too little blowing injures or spoils the product At the 
proper instant, as determined best by the spectroscope or by 
colored glasses, but usually by the naked eye, the foreman 
turns down the vessel and shuts off the blast. The charge 
of melted spiegel-eisen is then run in, when another 
flaming reaction occurs. The vessel being still further 
depressed, the steel runs into the ladle, pure, white and 
shining, from under its coating of red hot slag. A 
blanket of slag, most useful in preserving its temperature, 
follows it into the ladle. The metal is now led into the 
ingot moulds. After the exterior surface of the steel has 
crystallized, the mould is removed and the ingot is ready 
for reheating and rolling." 

The time occupied in the conversion is about twenty 
minutes or until the carbon is exhausted. As already 
stated, a pig iron is selected rich in silicon ; from two to 
two and a half per cent being the usual quantity. The 
oxidation of the silicon and carbon is, to a certain extent, 
done at the expense of the quality of the iron in the con- 
verter, which takes up more or less oxygen; the effect of 
this oxide of iron is to render the whole mass red-short, a 
property which may be corrected by the addition of man- 
ganese. This is supplied in the melted spiegel-eisen run 
into the converter after the **blovv." The quantity admit- 
ted depends upon the required quality of the product. If 
the steel is to be low in carbon, less spiegel-eisen is intro- 
duced than if a higher steel is wanted. In practice, from 
eight to ten per cent is added. 
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The manganese also improves the product by neutral- 
izing the deleterious effect of any sulphur that may be 
present, and by preventing ebullition of the metal when 
poured into the ingot moulds. 

The following is an average analysis of the pig iron 
used at the works of the Cambria Iron Company in making 
Bessemer steel and well represents, in average composition, 
what is generally known in the market as Bessemer pig : 

Silicon ; 2.50 percent. 

Carbon 4.00 percent. 

Sulphur 0.022 percent. 

Phosphorus 0.08 to 0.10 percent. 

6.602 
[Iron by diflference 93.398] 

100.000 

The phosphorus may be reduced to 0.07 per cent when 
required for special steel. 

The spiegel-eisen made by this company consists in 
average composition of 

Manganese 15 

Carbon 4,3 

Silicon 0.3 

Phosphorus 0.08 

The quantity of manganese may be varied from six to 
thirty per cent, according to the special use for which it is 
required. 

Analysis of the two samples of American spiegel-eisen 
made at Newark, New Jersey, by the New Jersey Zinc 
Company : 
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TABLE IX. 



SAMPLES. 



Iron 

Manganese. 
Phosphorus 

Silicon 

Carbon , 




83 250 

11.586 

0.1% 

0.367 

4.632 



83.22 

11.67 

0.19 

0.99 

4.03 



100 031 



100.10 



As no phosphoru& is removed from the iron by the 
Bessemer process, it is important to select a pig iron 
containing less of this impurity than may be safely allowed 
in the steel. 

Manganese has the effect to neutralize the hardening 
action of phosphorus as well as to neutralize the red-short 
tendency due to the oxide of iron in the converter and 
when it does not exceed one i»er cent it has a toughening 
effect on the whole mass of metal. 

Bessemer boiler plates should be low in carbon, silicon 
and phosphorus, and may contain 0.5 to 0.8 per cent of 
manganese. 

Bessemer steel is now largely employed in England in 
the construction of steam boilers. Whatever doubts may 
have been expressed as to its reliability in years past, 
there seems now to be no doubt of its entire suitability for 
boiler plates. When the Bessemer process was new, work- 
men had to be educated to a new business and there waa 
then much less of strictly scientific control in the manage- 
ment than at present. The material itself, the process of 
manufacture, the special machinery required, were all new 
and it would be contrary to human experience if the pro- 
duct was not variable in quality. 
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The Bessemer process is now well understood and there 
i*^ no lack of sneoiallv trained workmen under the direc- 

1 V 

tion of men who have had a scientific training. The result 

• 

»s. the production of a low priced steel of any desired 
^-liaracter, practically uniform in quality, which can he 
furnished with scarcely any limitations as to quantity. 
The one thinor lackinj^ heretofore in this steel has been 
Uniformity. Manufacturers, by a careful selection and 
nianipulation of materials, have practically solved that 
problem so that uniformity may be said to be under as 
thorough control in this as in any other process. 

The chemistry of steel making is wholly in the hands of 
the manufacturer. How much carbon, manganese, etc., 
it shall contain is seldom or never fixed by the customer, 
who, except in very rare instances, must work whatever 
material the maker of the steel thinks is best suited to anv 
particular use, the recourse of the purchaser being in the 
rejection of plates which do not come up to certain pre- 
scribed mechanical tests. These are usually the ordinary 
temper and bending tests ; and then for tensile strength, 
elongation and reduction of area under pulling stress. If 
the steel will stand these latter tests, the purchaser cares 
little about its chemical composition. 

The boiler maker, in addition to the mechanical tests 
given above, insists upon having a material which may be 
subjected to the various oi)erations of bending, forging, 
local heating. Hanging, annealing, punching, drilling and 
riveting, without impairing its character and strength. 
The question whether Bessemer plates should he i)unched 
or drilled is still an open one and opinions are pretty 
nearly evenly divided. This is a question of considerable 
commercial importance, for if these plates are to be drilled 
in order to be safe, it practically confines their use to large 
and well equipped establishments. 
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The practice.at Crewe, England, where are located the 
extensive works of the London & North- Western Railway 
Company, is to nse steel exclusively for the shells of boilers. 
Mr. Webb's practice is to punch all rivet holes and then 
thoroughly anneal the plates before riveting. It was found 
that the plates over three-eighths inch lost strength by 
punching to the extent of about one-third and that the 
whole of this one-third was restored by annealing. As 
this company uses Bessemer plates in about four hundred 
locomotive boilers now in actual service, this circumstance 
alone carries great weight as an indorsement of this mate- 
rial in boiler construction. 

Bessemer steel plates have been used almost solely by 
this company for over twelve years, and it is said, with 
entire satisfaction. The anomaly of this railway com- 
pany using nothing but steel plates is of easy explanation. 
The company is not only singular in manufacturing the 
material for its permanent way and rolling stock, but it is 
equally fortunate in having a locomotive superintendent 
and works manager who is quite as much at home in 
manufacturing steel as in building locomotives, and it 
may be safely affirmed that no one else has had as much 
experience in the making and using of Bessemer steel 
plates.* The power and facility here afforded of choosing 
the most suitable standard of material for rails, axles, 
tyres and boiler plates from the different casts, may possi- 
bly account for the bold and successful lead so long held 
by the London & North-Western Railway Company in 
adopting the material that others may admire, but hold 
back from using. 

It is a practice with this company to make an analysis 
of each cast in the steel melting department. Every plate 
used in the boiler shop has a piece sheared off* and sub- 
jected to certain standard bending and drifting tests, the 

* Engineering. 
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latter consisting in drifting out cold, to two inches in 
diameter, a Gve-eighth inch hole in a strip two and a half 
inches wide. These plates have a tensile strength of 
about seventy-five thousand pounds per square inch and 
Buffer an elongation of twenty-five per cent before break- 

iog. 

The following analysis and mechanical tests of English 
Btttemer mild steel are by Mr. Daniel Adumson, Manches- 
ter, England : 



I 






I 






Btllcon 

Sulphur.^ _ 

Phnphoroa.^ « 

Not u«ount«d for... 



Lcaglh of itieoiineii 10 inche;. 

Brp«(ltb of c|Kr«iroeii 2.6fl inchei>. 

ThickiiMis of specimen .375 inebus. 

Ar«>B of Bpecimen 1 gquare inch. 

P^niiBDent »et induced per iqiiare inch... 44,500 pounds. 

UftXirooin itrain per square inch 67.000 pounds. 

SlongBlion Khere mmxinium strain is ap- 
plied 15 per cent. 

Pinal breaking strain on original area per 

■(luare inch 58,000 pounds. 

Etongation 2li percent. 

- steel has not been used to any considerable 
nt in this country in the manufacture of steam boitere. 
I writer saw at the Edgar Thompson steel works, Bea- 
•etner. Pa., several large boilers made of Bessemer steel of 
their own manufactare. 

Samples of this steel were subjected to both tensile and 
torsional tests, resulting as below : 
(5) 
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TABLE X. 

SHOWING TESTS OF BBSSBMER STEEL BLOOMS FOB BOILER PLATE, MAHU- 
FACTDBED B7 THE EDGAB THOMPSON STEBL WORKS. SAMPLES HVE- 
EIGHTHS INCH IN DIAMETER AND ONE INCH LONG BETWEEN SHOUL- 
DER8, TESTS MADE IN THEIR LABORATORY AND USING THE AUTO- 
GRAPHIC RECORDING TESTING MACHINE DESIGNED BY PROF. R. B- 
THURSTON. 



Angle of torsion 

Moment of torsion, foot-lbs 

Tensile strength at elastic limit. 

Ultimate tensile strength 

Percent of elongation 

Carbon 





SAMPLSa 


A 


B 


282° 


239** 


312.15 


295.74 


47,211 


39,751 


64,271 


65,120 


83.4 


64.3 


0.10 


0.16 



2ir» 

2S8.46 

43,4n 

65,664 

65.1 

0.15 



The following test was made similar to the above, and 
from the same grade of metal, in which the 

Angle of torsion was 254® 

Moment of torsion 313.39 foot-lba. 

Tensile strength at elastic limit 39,751 

Ultimate tensile strength 67,295 

Per cent of elongation 70.8 

This same sample showed by chemical analysis. 

Carbon 0.12 

Silicon 0.005 

Phosphorus 0.078 

Manganese 0.761 

0.964 
[Iron, by difference 99.036] 

100.000 
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Three other analyses of boiler plate gave results as 
follows : 

TABLE XI. 



Carbon ^ 

Silicon 

Phosphorus 
Manganese 
Sulphur 



(1) 



. 0.15 
0.018 
0.060 
0.784 

Not det. 



(2) 



0.10 
0.14 
0.69 
0.755 
Not det. 



(8) 



0.09 
0.028 
0.60 
641 
0.0394 



Two test pieces were sheared off the plates rolled for 
the boilers above referred to and sent to Mr. H. W. Born- 
traeger, superintendent of the Union Iron Mills, Pittsburg, 
Pa., who tested them on a Riehle Brothers' testing machinei 
with results as below : 

TABLE XII. 

MECHANICAL TESTS OF BESSEMER BOILER PLATE, MANUFACTURED By 
THE EDGAR THOMPSON STEEL WORKS. TEST BY MR. BORNTRAEGEa 




J^»«tb of Mmple ^ 

TbickncM of Mmpte.^ 

Width of mnplc:. „ „ 

Area of Mmple. ^ 

Q««ic limit of mmple 

^^»*ik limit per aqimre inch — 

Wd|(ht at which mmple brolce...~~......... 

^^*^iUe ttreiifth per aqimre inch. 

**«»|iUmi, per 



3 inches. 

• 

.29 inch. 

.63 inch. 

.1827 inch. 

9,000 podnda. 

49,250 poand4. 

12,350 poandj. 

07,590 pounds. 
•^ inch, 2% Incbw. 

17^ 



8 inches. 

.29 inch. 

.63 inch. 

.1827 inch. 

9,000 pounds. 

49,250 pounds. 

12,100 pounds. 

66,225 pounds. 

•^ inch, 3 inches. 

1894 
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TABLE Xin. 

MECHANICAL TESTS OF BESSEMER BOILER PLATE, MANUFACTURED BY 
THE EDGAR THOMPSON STEEL WORKS. TEST BY 

,MR. BORNTRAEGER. 



SAMPLES. 


A 


B 


Length of sample 


3 inches. 

.86 inch. 

.62 inch. 

.2232 inch. 

8,400 pounds. 

37,600 pounds. 

13,100 pounds. 

58,ft90 pounds. 

\i inch, 3 inches. 

31K 


3 inches. 


Thickness of sample 


.40 inch. 


Width of sample 

Area of sample 


.65 inch. 
.2600 inch. 


E3a8tfc limit of sample 


9,400 pounds. 

36,158 pounds. 

14,450 pounds. 

55,590 pounds. 

% inch, 8 inches. 

25A 


Elastic limit per square Inch 


Weiffht at which sample broke 


Tensile strensrth per sQuare inch^ 


ESlonsation 


Elongation per cent 





Open hearth steel — This is also known as Siemens- 
Martin steel. The furnace or hearth in this process has 
usually a capacity of about eight tons. In the manufacture 
of boiler plate the charge consists of a charcoal pig iron 
selected with reference to its purity and freedom from 
silicon, sulphur, phosphorus, etc., care being taken that 
the total carbon is not of too high percentage, a No. 3 
foundry pig being about the right grade. This pig con- 
stitutes about twenty-five per cent of the entire charge; 
it is melted in the hearth and brought to a very high heat, 
when charcoal blooms or other wrought iron of similar 
grade previously heated to a bright red heat are then 
immersed in the bath and allowed to dissolve in it. These 
charges are usually from six to eight hundred pounds and 
are introduced continuously every twenty or thirty min- 
utes, until the carbon in the whole mixture is brought to 
the desired point, which for boiler plate is from 0.10 to 
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'fl,SO per cent, and the silicon is reduced cither by fiisi 
orby chomical action to the minimum amount, say from 
0.01 to 0.05 per cent. Tests are now made to determine 
the quality of the metal in the bath. This is done by 
taking out a emnll test ingot, wliicb, after cooling 
water, is broken mid tested. The fracture gives very good J 
indications of the state of the charge. If in the Judj 
ment of the meltor the metal is sufficiently retined, liigbl 
grade forro-manganese previously heated is now pnt into 
the bath and the whole mass of metal thoroughly stirred 
and then run out Into a large ladle, from whicli it is poured 
into tlie ingot moulds. Tliese ingots are then rolled into 
plates in the ordinary manner. i 

The process just described is, in its salient points, the ■ 
ordinary routine of steel making. This process allows ■ 
considerable latitude in manipulation, so that it is to be 
expected that difierent manufacturers, widely separated, 
""^lOld pursue different methods of working. 






Carbon — The total quantity of carbon in steel plate 
.a by the open hearth process may be varied to suit 
circumstances, as tests may easily be made before drawing 
the charge. Steel boiler plate having carbon in propor- 
tions varying from 10 to 0.20 per cent have given good 
resolta in practice. The latter figure is rather high to 
secore the greatest ductility and ought not to be exceeded, 
excess of carbon increases the tensile strength of steel 
le expense of ita ductility and elasticity — hence, makers 
_ to produce a steel for boilers having a tensile strength 
of about sixty-five thousand pounds jier square inch, and 
the analyses of samples so tested are found to contain from 
0>10 to 0.16 per cent of carbon ; 0.13 is found to give excel- 
resultd in practice. 

mXaitganese — The exact function of manganese in steel 
^ot cleurly understood ; the belief is, however, tbatj 
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it deoxidizes the batb, as well as removes the sul- 
phur. This is inferred from the disappearapce of most 
of the sulphur from the iron in the bath and partly 
from the circumstance that only about one-half of the 
metallic manganese, added at the last of the charge, 
is found in the analysis of the resultant steel. An excess 
of manganese in steel boiler plate has the effect to reduce 
its ductility and elasticity, 0.25 per cent is ample for hot 
working, and good results have been obtained from steel 
plates having manganese present in the proportion of 1.50 
of manganese to 1.00 of carbon. 

The relative proportions of carbon and manganese in 
open hearth boiler plate is confined within comparatively 
narrow limits to get the best results. An excellent quality 
of plate made at differet times by the same furnace was 
found to contain, upon analysis, the following quantities 
of each : 

TABLE XIV. 





CARBON. 


MANCAKRSE. 


RATIO OF CARBON TO 
MANGANKSE. 


A 


.10 per cent. 


17 per cent. 


1 to 1.7 


B 


.11 per cent. 


18 per cent. 


1 to 1.64 


C 


.11 per cent. 


22 per cent. 


1 to 2. 


D 


.11 per cent. 


24 per cent. 


1 to 2.18 


E 


.12 per cent. 


.16 per cent. 


1 to 1.33 


F 


.12 per cent. 


17 per cent. 


1 to 1.41 


G 


.12 per cent. 


25 per cent. 


1 to 2.08 


H 


.13 per cent. 


17 per cent. 


I to 1.30 


I 


.13 per cent. 


20 per cent. 


1 to 1.54 


J 


.13 per cent. 


.23 per cent. 


1 to 1.77 



The manufacture of steel plates by the open hearth 
process in the United States dates from 1871 and attained 




litgh ticwrec ol' perfection in a sliort time afterwurd,J 
ibown lijr Uio following niBcbnuical testa ma^le by th« I 
ntd States government to determine its snitability for 
pbuililinf^. The tests were made in 1873 by Mr. Samuel 
Pook, naval constructor, and F. L. Feniald, aBsiataiit 
I constructor, United States Navy, The st*el teeted 
f made by the Nashua Iron and Steel Company ; 
" Th« first test was made with reference to the tensile 
•trengtb.and lor that purpose two pieces were selected 
from plates having a tbickness of uine-sixteentha, teu- 
«xtoeiitbi« mid eleven-sixteenths, respectively. These six 
pieces gave a mean tensile strain of 27.82 tons (62,316,8 
pound*) per sqnare inch of original section : 65,30 .tons 
(146,272 puiinda) per s([uare inch of fractioiml section, an 
«10Dgattou of two and one-sixteeotb inches in a lengtli of 
ugbt inches, and a mean strain of 19.06 tons (42,6114.4 
poauds) per square inch without stretch, or sixty-five per 
cent of breaking strain. The strain was the same in all 
samples and the strength wua remarkably uniform. 

The cold I'orge tests were made with plates nine- 
aixteentba and tive-oigliths inches In thickness. It was 
found th.it the samples could be folded over until the sur- 
fACes met, without any perceptible evidences of fracture. 
A nine-sixteenths inch plate was placed over a hole nine 
by Dino inches square in a piece of wrought iron, a six-inch 
cait iron shot was then driven down by a two thousand 
pound steam hammer having a mean stroke of twenty-four 
iacbcs. until the calotte or cup thus formed had a depth of 
four and three-eighths inches. The lower surface was then 
tburoughly examined and no signs of fracture could be 
detected. A second trial waa then similarly made upon 
A plate eleven-sixteenths inch thick, with a view to ascer- 
tain to what extent this test could he carried without 
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After breaking three shot, a wrought iron cylinder 
with a spherical end was substituted, and at about tiie six- 
tieth blow disintegration took place along one side of the 
cup at a distance of two inches from its bottom. The 
thickness of the plate at the point of fracture was reduced 
to one-quarter inch, the depth of the cup being four and 
seven-eighths inches. 

When heated it was found that the plate could be 
folded over until the surfaces met, and then bent in the 
opposite direction to a similar position without fracture, 
and after repeating this operation four times only a slight 
fracture took place. 

Hot tests were made also in the following manner: 

A three-quarter-inch hole was punched in a cold plate; 
the plate was then several times heated and the hole pinned 
out until acvlinder was formed five inches in diameter and 
five inches long. After it was thoroughly cold a flange 
was turned down all around the end, the surface remain- 
ing perfectly free from cracks and other defects. 

Right angled, inside and outside corner flanges were 
formed with the greatest ease; no amount of heating 
appeared to affect the malleability in the least. With a 
view to ascertain if the scrap which would be made in 
building a ship could be utilized, about sixty pounds of 
samples were made up into three-quarters of an inch round 
bars in precisely the same manner as ordinary iron. 

The tensile strength of this bar was found to be 29.62 
tons (G6,349 pounds) per square inch, or one and one- 
eighth ton (twenty-five thousand two hundred pounds) 
more than from the original plate. Several rivets were 
made from the bar which stood a double shearing strain 
of 21.55 tons (48,272 pounds) or 48.76 tons (109,222 pounds) 
per square inch. 
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An analysis of this steel was made by Mr. J. A. Her- 
rickin 1873. The ingot steel tested before reheating and 
roUing showed 0.14 per cent of carbon. The following is 
tlmt of the finished plate : 





fo.»«.[p.r. 




<-|ro:\/ 


Orboo (gnpUt.) 








.... o..l> 


Inn (dlftmn) 


-.., W.600 ' 


Total 


Idu.ini 



It by ihe chloride of copper 






The pig iron used was the Workington hematile cold 
last charcoal, from the Cumberland district, England, and 
ontained by Mr. Uerrick's analysis: 



Ckiboo (coaiMaed) 



The charcoal blooms used in this mixture were made 
"om Rodger's bed ore, Chateaugay lake, Clinton county, 
few York, and by Mr. Herrick's analysis contained: 



ii.OQO b J the cblorine eo 



The steel just described was made of a quality suitable 
)r ship building, and for steam boilers; the ' ""ents 
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being in all essentiala the same for the two kinds of service. 
It ebowB remarkable toughness, combined with a reasoo- 
eble tensile strength. 

The following tests by Mr. Richards were made on the 
same kind of steel, but manntactured in another eectioD 
of the country: 

TABLE XV. 

SHOWING THE EFFECTS OF TENSILE STRAINS ON SEVESAL SAMPLES OF 
STEEL PLATES RECEIVED JANUARY l(i,187B, FROM THE OTIS IRON AND 
STEEL COMPANY, OF CLEVELAND, OHIO, AND TESTED FOR THEM BT 
C. B. RICHARDS, ENUINF.ER, HARTFORD, CONN. 
Limy SpteitHent, 
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1 

a 


"""EtsF'" 
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1 

1 

*,!« 

o.mu 

0.1 OS 
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TABL£ XV — CoKTHiiiiD. 
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The numbers obtained by dividing the breaking strain 
by the area of least section after fracture, sometimes called 
"the tensile strength per square in di of fractured area," give 
a valuable measure of the toughness of the material. 
These numbers are as follows, for the several specimen!^ : 



So. 506 


159000. 


So, 512 


153000 


No. 507 


160000. 


So. 513 


1550(X) 


No. 508 


140000. 


No. 514 


155000 


No. 509 


138000, 


So. 615 


imm 


So. 510 


161000. 


So. 517 


143000 


So. 511 


I3I0OO, 


So, 518 


ICfiOOO 



The strains were applied gradually in all cases. 

With specimen No, 516, the breaking strain was not 
observed; but No. 518, of the same material, was after- 
ward broken and the result recorded. 
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REMARKS BT OTIS IRON AND STEEL COMPANY. 

The above samples contained the following percentages of combined carbon: No. 
28, .0014 per cent; No. 12, .0013>^ per cent ; No. 32, .0014 per cent ; No. 7, .0012 per cent; 
No. 38, .0014 per cent. 

Samples marked ^^^ were taken from across the sheet. 

Sample marked 28 H was heated red hot and cooled in water before being broken, and 
although the strength is increased, there is no peic^ptible increase in the hardness when 
tried with the file. 

Samples No. 28, No. 12, No. 32, No. 7, were uniform .in mixture and quality of stock 
used. 

Several very severe mechanical tests, to show the qual- 
ities of open hearth homogeneous boiler plate, were made 
with cold plates at the works of this company at Cleve- 
land, Ohio, in the presence of the writer, to whom the 
samples were also given. The pieces tested were sheared 
off the ends of plates, which were then being cat to dimen- 
sions in their ordinary business routine. 

Several unannealed samples from plates five-sixteenths 
of an inch thick were folded down in the usual manner by 
blows given by a heavy hammer. Samples were also sub- 
jected to a shearing test, in which a piece of steel three 
inches in width was sheared up to within an eighth of an 
inch of the edge without exhibiting any signs of fracture, 
the "shearing" being depressed more than half an inch on 
the opposite edge of the plate. A number of these " shear- 
ings" were made at a distance of about five-eighths of an 
inch apart. A sample about eight inches square, taken oft 
another plate selected at random on the floor of the mill, 
was folded over flat and afterward folded again at right 
angles to the first, the whole being then hammered flat, 
making a specimen about four inches square and one and 
a quarter inches thick, without exhibiting any signs of 
fracture. 

A selection of five tests was taken from their labora- 
tory record to show the range in tensile strength allowable 
in this system of manufacture. The tests were made with 
the ordinary two-inch specimens, with results as follows: 
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TABLE XVI. 

SBltWINO THB BAMOB IN TENStLB 8TKENQTH OF OPEN HEARTH STEEL 
PLATES If ADE BT THE OTIS ISOK AMU STEEL COMPANY. 
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3 




i 




i 

3 


ISPl 

isoe 


s 


.lb.*;* 

.91»ii.«7 


.3M 


z. 
a. 


tS.MO 

ia,jdo 

S3.™ 
17,!»75 


44,530 
T1,5M 


T 



The firet line in the above table sbows the remarkably 
low teasUe etreugtb of fortj-four thousaud five bundred 
and thirty pounds per square inch. It is seldom that steel 
is made so low as that; and is less than is to be recom- 
mended for boilers, as such plates are apt to be spongy. 
The last line in the table showing eighty-four thousand 
three hundred and ninety pounds tensile strength, is less 
ductile, as will be observed by comparing the percentages 
of elongation — the ratio being tweuty-five to forty-nine 
per cent. This latter grade of metal is too high for boil- 
ers; suffering more in punching, lacking in ductility and 
is more likely to be brittle than steel ranging from sixty 
thoDsand to seventy thousand pounds. 
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TABLE XVIL 

TENSILE STRENGTH OF 60,000 POUNDS OPEN HEARTH STEEL. MADE Bt 
SINGER, NIMICK & CO., PITTSBURG, PA. TESTS 

BY MR. ATKINSON. 



SAMPLE. 


BREAK- 
ING 

Vbight. 


TENSILE 

STRENGTH 

PER 

SQUARE 

INCH. 


ELONGA- 
TION IN 

PARTS or 

AN INCH. 


TIME 

CONSUMED 

IN TEST, IN 

MINUTES 

AND 
SECONDS. 


WEIGHT 
ON THE 
MACHINE 
AT 
WHICH 
ELONGA- 
TION 
COM- 




THICK- 
NESS. 


< 

WIDTH. 


RBMABES. 








■ 






MENCED. 














MIN. SEC. 






.25 


.98 


16,000 


61,224 


.3125 


8.30 


12,000 


Short Bpedmen 


.25 
.25 


.98 
.98 


15,400 
16,400 


62.857 
66,938 


.26 
.25 


3.30 
4.00 


12,500 
13,500 


U. & regoto^ 
Uon. 


.2.'> 


.98 


15,000 


61,224 


.25 


3.00 


12,000 




.25 


.98 


16,000 


65,306 


.25 


4.00 


12,500 




.25 


.98 


15,300 


62,449 


.25 


3.80 


12,000 




.25 


.98 


15,500 


63,265 


.25 


4.00 


12,000 




.25 


.98 


15,700 


64,081 


.26 


4.00 


12.500 





This table and tho one following is, so far as tensile 
strength is concerned, the grade of steel recommended for 
boiler making, and if the steel is properly made it ought 
to be able to withstand all the mechanical tests ordinnarily 
demanded in construction. Test pieces in tables XVI, 
XVII and XVIII were as shown in figure 2. 



1 inch. 




1 inch. 
Figure 2. 
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TABLE XVIII. 

STREflGTH OP U.roo POUNDS OPEN HEARTH OTEEL HADE SV 
SINGER, NIUICS A CO., PlTTSBrRO, PA, TESTS BV 
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no 


17,500 


70,000 


,25 


4.00 


13,500 


Short qx^ 


w 


16.800 


67,200 


.25 


3,30 


13,500 


menO, 8. 


00 


17,300 


69.200 


.25 


4,00 


14,000 




ftO 


15,700 


68,260 


25 


3.00 


13.000 




Off 


15.800 


67,234 


.25 


3 30 


13,000 




»s 


14.800 


65.661 


,25 


3,00 


13.000 




00 


15,400 


65,531 


.25 


3,30 


13.000 




oo 


15,9(XI 


67,659 


.25 


3.30 


13,000 




» 


15,200 


66,086 


.25 


3.00 


13,000 




XI 


15,300 


66,522 


.25 


3,00 


13,000 




-JO 


15,400 


65,531 


.25 


3,00 


13,000 




XI 


15,000 


65,217 


.25 


3,00 


13,000 




X) 


16,200 


68,936 


-25 


3.00 


13.000 





next table (XIX) gives the tensile strength of ten 
of seventy thousand pound steel. This tensile 
ought not to be exceeded in boiler plates, as plates 
!r strength are more liable to fracture, are less due- 
more likely to harden than the lower grades. 
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TABLE XIX. 

TENSILE STRENGTH OK Jo.ooo POC'NDS OPEN HEARTH STEEL, MADE BT 
SINGER, KlUICK A CO., PITTSBURG, PA. TESTS BY 
MR. ATKINSON. 
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is 
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11 


ji! 
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1 


REHlKe« 


.23 


.99 


16,400 


72,400 


.3125 


5.00 


11,500 


s,„, ,^^ 


.23 


.99 


16,100 


70,707 


.25 


5.00 


11,500 


rcgolillw 


.23 


.99 


16,500 


72,463 


.25 


5.00 


12,500 




.225 


.90 


15,700 


70,482 


.3125 


4:i0 


11,500 




.225 


.98 


15.500 


70,294 


.3125 


4.00 


12,000 




.23 


.99 


16,400 


72,024 


.25 


5.00 


12,500 




.23 


LOO 


17,400 


75,652 


.25 


5.30 


12,500 




.23 


LOO 


17.300 


75.217 


25 


4.30 


12,000 




.225 


.99 


15,700 


70,483 


.25 


4.00 


11,500 




.22.5 


.99 


15,800 


70,931 


2.1 


4.00 


11,500 





The following is taken from a valuable and interestinf 
paper on "The properties of iron and steel," by Danie 
Adarason, C.E., Manchester, England. 
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Carbon 

Manganese... 

Silicon 

Sulphur 

PhoBphoruB.. 
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l^eDgth of specimen 10 inches. 

Breadth of specimen 2.06 inches. 

Thickoms of specimen 485 inch. 

Areft of specimen l.U square inch. 

Permanent set induced pier square inch 34,500 pounds. 

Has imnm strain per square inch 59,500 pounds. 

Elongation when maximum strain is ap- 
plied- 16,5 percent 

Final breaking strain on original area per 

square inch 50,500 pounds. 

Elongation 27 per cent. . 



m 
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CHAPTER V. 



TESTING WROUGHT IRON OR STEEL FOR BOILERS. 

Bending Tests — Temper Test — Drifting Test — Tensile Strength— 
Size and Shape of Samples for Testing — Long and Short Specimens 
— French, English and American Practice — Elongation — Reduction 
of Area — Elastic Limit — Percussion Tests— rBulging Tests — English 
Admiralty Tensile and Forge Tests for Boiler Plate — Mr. Kirkaldy 
on Testing Iron. 

Testing wrought iron or sted for boilers — The teste to 
which these materials of constraction are subjected are 
both cold and hot. 

Bending test — The simplest and at the same time a most 
satisfactory test is to shear off a strip of any convenient 
width, say, one to two inches, and bend it down cold with 
a sledge hammer until the plates touch, as shown in figure: 




Figure 3. 



Very few irons, except the better grades of flange iron, 
will stand a test of this kind. In the manufacture of steel 
plates this is the ordinary mill test, and it is the practice of 
all reputable manufacturers to reject any plate five-six- 
teenths of an inch thick and less which will not stand this 
test without breaking. * 

The temper test (for steel) consists in shearing a similar 
strip from a plate and heating it to a low cherry red heat 
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oly quencbiog in water, allowing it to remain 

colli and then bending the sample over double 
iameter of the inner carve is from two to three 
thickness of the plate, without exhibiting any 
ftcture. The former bending test is not so effect- 

for the reason that it might not detect a hard 
had been well annealod before shearing, hut by 

the strip the hard and comparatively brittle 
ilie plate immediately discloses itself. 
fling test consists in shearing samples two and 
ichea wide and punching a iive-(!ight]i inch hole 
Iter, annealing thoroughly and "drifting" the 
ith taper pins. The larger the hole the better 
ftl; it is expected that ordinary steel plates will 
twice the diameter of the punch without show- 
118 of fracture. Mr, Webb's standard, at Crewe, 

drift the g-hole out to two inches in diameter 
esemer plates entering into locomotive boilere. 

Btrength — The tests for tensile strength consists 

ig a epecimeii similar to figure 4, having an area 

jrose section 

irth of one 

1. ThiBspec- 

SjuBted in a 

lachine and 

ded until it breaks. This breakiug weight, mul- 

the original fractional area of the specimen, is 

te tensile atreugth per square inch of the mate- 

nreet grade of wrought iron, entering into the 
)a of the shells of steam boilers, should stand a 
lin of at least 45,000 pounds per square inch, 
irons range from 60,000 to 75,000 pounds and 
\y higher. 
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For steel boiler plates the tensile strength is to be kept 
as low as possible and insure sound and homogeneous 
ingots or plates. In crucible steel it is difficult to get it 
below sixty thousand pounds and should- not exceed 
seventy-five thousand. In Bessemer and Siemens- Martin 
steels it may vary from fifty-five thousand to seventy 
thousand pounds. 

TABLE XX. 

STRENGTH OF AMERICAN IRON BOILER PLATE. TESTS MADE AT THE II. S. 

TREASURY DEPARTMENT, WASHINGTON. 





THICKNESS 


TENSILE STRAIN 


REDUCBQ 




NO. 


IN 


IN POUNDS PER 


AREA PER 


HOW TESTED. 




INCHES. 


SQUARE INCH. 
61,538 


CENT. 




128 


I 


36 


With the grain. 


129 


\ 


59,125 


18 


Across the grain. 


136 


\ 


58,373 


38 


With the grain. 


135 


k 


53,333 


''^ 


Across the grain. 


126 




62.871 . 


38 


With the grain. 


127 


^ 


58,765 


20 


Across the grain. 


134 


A 


62,195 


43 


With the grain. 


133 


^ 


60,202 


10 


Across the grain. 


124 


■ i 


61,481 


30 


With the grain. 


125 


I 


58,653 


22 


Across the grain. 


132 


i 


60,408 


47 


With the grain. 


131 


i 


57,377 


15 


Across the grain. 


148 


i 


56,270 


25 


With the grain. 


149 


i 


54,461 


17 


Across the grain. 


146 


i 


61,918 


33 


With the grain. 


147 


i 


63,469 


6 


Across the grain. 



Nob. 128, 129 were one-fourth inch iron reduced to the square of its thickness. No0- 
135, 136 were of the same iron and were nearly one inch wide. Nos. 126, 127 were of small, 
and 133, 134 were of larger area. Nos. 124, 125, 148, 149 were cut exactly the square of the 
thickness, and Nos. 131, 132 were of the same iron whostf area approximated one-fourth of 
one square inch. Nos. 146 and 147 were samples of one-half inch, cut the square of its 
thickness. 

It may be of interest to compare the relative tensile 
strengths of American witli English boiler plates. The 
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figures in table XXI it will be observed, average eonsider- 
*bly lower in the table immediately preceding. One thing 
in favor of the figures given of any tests made in England 
is, that test pieces are as a rule eight or ten inches long, 
while in this country they are usuailly the "short," though 
sometimes two inches long, and rarely six or eight inches, 
a]difference which will be explained further along in this 
<hapter. 

TABLE XXI. 

TENSILE STRENGTH AND DUCTIUTY OF ENGLLSU BOILER PLATE, AS 
DETERMINED BY MR. KIRKALDY'S EXPERIMENTS. 



DISTRICT IX 
HICH THB IRUN 
IR MADK. 



Yorkshire... 

Yorkshire.. 

Yorkshire... ~ 

Yorkshire 

Yorkshire 

Yorkshire.. 

Staffordshire 

Htaflbrdshire.A 

Sull«rdsh)re 

SUlRmishire 

SuUfordshire. 

8uffordshire 

North of EngUnd.. 
North of England.. 

Scotland.. 

Seottand.. 



NAHKS OF MAKKHS 
OR WORKS AND BRANDS. 



DIRRCTION 

OR THK 

GRAIN AND 

THICK NRSS 

IN 

INCHKS. 



LownifMtr 

lAiwniour 

Farnley 

Famley...! 

Itowling 

Bowling 

Bradl«> % Crown 8. C 

Bradley % Cniwn S. C 

Thomeycn»ft, Bwt Bout..., 
Thomey croft, Best B«»t... 
Lloyds, Foster, %. B<'«t.. 
Lloyds, Foster, %, B<»j«t.. 

Consptt, Bef>t Best. 

Consett, Best B4>st 

Glai^ow, Best Best 

Glasgow, Best Best 



L. 
C. 
L. 
C. 
L. 
C. 
L. 

r. 

L. 

C. 

L.S 

C? 

L. 

C. 

L.i 



5 

h 
19 



» 

M 



ft 

\ 
\ 

If) 

lii 

to v« 

\ 

3 
4 

to \ 



TKARINO 




WRIGHT 


CONTRAC- 


PRK SQ. 
■INCH OK 


TION OF 
ARKA 


ORIGINAL 


FRAC- 


8RCTI0N 


TURED. 


IN LBS. 


PKRCKNT 


h\ ,1»90 


19.7 


l^\hYl 


12.1 


5G,<HK> 


17.8 


46,211 


13.2 


h2,%\1 


15.3 


46,435 


6.H 


.V.,S2I 


17.2 


M»,445 


9.0 


.■>4,H.V. 


12.5 


4:1,584 


4.6 


44,957 


M.7 


44,621 


6 9 


.M.2:)l 


13.1 


46.7()4 


10.2 


M,¥n 


1(1.6 


41,776 


3.7 



ULTI- 
HATR 

ELONG- 
ATION 

OR TEN- 
SILE 

SET AF- 
TER 
FRAC- 
TURE. 

PER CT. 



13.2 
9.3 

14.1 
7.6 

11.6 
5.9 

12.5 
5.5 

11.2 
4.6 
5.3 
4.6 
8.9 
6.4 
9.0 
2.6 



Is. slgnifiaa lengthwise, or in the direction of the grain. 
C. slgnifles enaewtse, or across the grain. 
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This subject has received a great deal of attention i^ 
England, and I quote from a paper by Mr. Marlett, chief 
examiner, Lloyd's Register, 1878, as follows: 

"Another point of our investigations which ha^ 
received our most anxious attention, is as to the limits 
within which the tensile strength should be confined. 

" In the committee's circular, the limits are from twenty- 
six to thirty tons (58,240 to 67,200 lbs), and this agrees with 
the Admiralty requirements, but the weight of evidence we 
have been able to collect since the issue of that circular is 
in favor of somewhat higher limits. Mr. Sharp, of the 
Bolton Co., Mr. Webb, of Crewe, and Mr. Ellis, of Messrs. 
J, Brown & Co.'s works, urge that the upper limit might 
be raised to thirty-two tons (71,680 pounds) per square 
inch, without the slightest fear of obtaining brittle plates, 
so long as the temper and other tests are enforced. The 
Dutch government stipulate for a tensile strength of from 
twenty-seven to thirty-one tons (60,480 to 69,440 pounds) 
in their present contracts with the Bolton and Landore 
steel companies, and in contracts for boiler plates and 
other uses, the limits are fixed as high as thirty-three tons 
73,920 pounds), although the steel has still to be mild and 
ductile. It is said by some that when steel gets down to 
about twenty-six tons (58,240 pounds) in tensile strength, 
it begins to be more spongy and is less capable, of being 
welded than steel of twenty-eight tons (62,720 pounds) 
per square inch, and it is urged that steel between thirty 
and thirty-two tons (67,200 to 71,680 pounds) strength, if 
it fulfills all the other conditions of ductility, ia a better 
material than the weaker, and sometimes less ductile, 
material having a tensile strength of twenty-six tons 
(58,240 pounds). Indications seem to show that these lower 
limits are more easily reached by the Siemens steel than 
by the Bessemer and an advantage is claimed for the lat- 
ter at the higher limits. After giving the matter our most 
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Mfsfnl cuDaideriitioi), we are of the opinion that it would 
oil the whole be preferable to fix the limita at tweutj-aeven i 
I tlirty-one tona (60,480 to 69,440 pouuds) per square! 
ItTatberthan twenty-six to thirty tons (58,249 to 67,200 I 

The size and shape of samples for testing — It was but a I 
few years since that tiie only experimental test to which] 
uoiler plate was subjected was to determine its tensile 
Btreagth. It was then the custom to make test piecea 
*lit)rt, or, rather, of uo particular length, and with little or 
Ho uniformity of cross section, except at the point where 
Capture was to occur. The pieces were, however, usually 
^^f one of the ontliues, as given in the accompanying 
tcbeft, in which figure 6 is designated as a long and lig- 
1^0 as a short specimen : 






I testing a plate to dctcrmiue itis tensile strength 
(■ly, this is perhaps well enough; but us nearly all testa 
Know required to show both tensile strength and ductil- 
ity, it is recommended that test pieces be of the same 
length and sectional urea, in order that results of different 
1 maybe tabulated, and thus form an intelligent and 
a ot comparison, preventing niui-li needleea cou- 
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fusion, which must necessarily arise where specimens are 
of different lengths. 

Experiments made to determine how the different 
lengths of specimens tested affects the percentage of elong- 
ation, show most clearly that if a fixed percentage of elong- 
ation is required, the specimen should be of fixed length. 
If, on the other hand, latitude is permitted in the length of 
the specimens to be tested, so as to suit the different test- 
ing machines, there should be a sliding scale for percentage 
of elongation. The different percentages of elongation for 
different lengths of specimens were found by experiment to 
be as follows:* 

STRETCH OF HOMOGENEOIT8 STEEL PLATER. 

Eight inch 8p^cilnen 20 percent. 

Six inch specimen 26 percent. 

Four inch specimen 32 percent. 

Two inch specimen 3jj percent. 

The reason for these differences of percentages in elong- 
ation is obvious, and arises from the fact that near the 
point of fracture the elongation is much greater than at 
other parts of the specimen. With material, therefore, of 
equal quality, the shorter the specimen tested the higher 
will be the percentage of elongation; or, on the other 
hand, comparatively hard and brittle steel might easily be 
made to show a required twenty per cent of elongation by 
making the specimen sufficiently short for the purpose. 

In testing samples of steel boiler plate it is of the 
utmost importance that the pull be exactly in the line of 
the samj)le, so that when fracture sets in, it shall be a break 
and not a tear. A material may be torn asunder at a 
pressure very much below that required to break it or pull 
it apart. Care should also be taken that no imperfections 
or "nicks" exist in the test portion of the sample. 

"> CnmTnitt4H* Report, IJoyd's Reff1iit4»r. 
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'■» The eight inch specimen was first adopted by the 

I French Admiralty and afterward by the Englisli Admir- 

. altv, then by Lloyd's Register of English and Foreign 

I Shipping, and thus a standard length forced itself upon 

r the attention of manufacturers, so that it is now in verv 

I general use in Europe. It is much to be regretted that 

I out own government still uses the short test specimens, 

' particularly as little or no modifications would be required 

in the present testing machines in order to use the eight 

inch specimen. This would enable a direct comparison of 

American and foreign tests, which are always of great 

interest and value. 

U. S. Government Testi< — The instructions to local 
inspectors of steam boilers, so far as relates to the ten- 
sile strength of boiler plate, and contained in the rules 
and regulations prescribed by the Board of Supervising 
Inspectors of steam vessels, areas follows: 

"Rule 3— Every iron or steel plate intended for the con- 
struction of boilers to be used on steam vessels shall be 
fltamped by the manufacturer in the following manner, 
viz: At the diagonal corners, at a distani^e of about four 
inches from the edges, and also at or near the center of the 
plate, with the name of the manufacturer, the place where 
manufactured and the number of pounds tensile strain it 
will bear to the sectional square inch. 

"When a sheet of boiler iron is found by the inspector 

.with one or more stamps up)on the same, the inspectors 

«hall in every such, case be governed and rate the tensile 

strain of iron in accordance with the lowest stamp found 

upon the same. 

"Rule 4 — The manner of inspecting and testing boiler 
plates, intended to be used in the constru<*tion of marine 
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boilers, by the United States inspectors, shall be as follows, 
viz: 

" The inspector shall visit places where marine boilers 
are being constructed, as often as possible, for the purpose 
of ascertaining and making a record of the stamps upon the 
material, its thickness and other qualities. To ascertain 
the tensile strain of the plates, the inspector shall cause 
two pieces to be taken from each sheet to be tested, the 
area of one of which shall equal one-quarter of one square 
inch, the area of the other shall equal the square of its 
thickness, and the force at which these pieces can be parted 
in the direction of the liber or grain, represented in pounds 
avoirdupois — the former multiplied by four, the latter in 
proportion to the ratio of its area — that piece showing the 
greater tensile strain shall be held to be the tensile strength 
of the plate from which the test pieces were taken, and 
should the tensile strength ascertained by the test equal 
that marked on the plates from which the test pieces were 
taken, the said plates must be allowed to be used in the 
(ronstruction of marine boilers; provided, always, that the 
said plates possess the other qualities required by law, viz, 
homogeneousness, toughness and ability to withstand the 
effect of repeated heating and cooling; but should these 
tests prove the marks on said plates to be overstamped, the 
lots from which the test plates were taken must be rejected 
a8 failing to have the strength stamped thereon. But noth- 
ing herein shall be so construed as to prevent the manu- 
facturers from restamping such iron at the lowest tensile 
strain indicated by the samples, provided such restamping 
is done previous to the use of the plates in the manufacture 
of marine boilers. 

'' In the following table will be found the widths — 
expressed in hundredths of an inch — that will equal one- 
quarter of one square inch of section of the variooe thick- 
nesses of boiler plates. The signs + (plus) and — (minus) 
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indicate tbat the numbers against which these aigtia are-l 
placed ure a trifle more or less, but will not in auy instauce I 
«x<:eu(l oue-tbousaodtli of an inch. 

"The gauge to be eraplojeJ by inspectors and othera toJ 
determine the tliicknesa of boiler plates and the widths iQ>| 
the table will be the Darling, Brown & Sharp's gauge, of 
Providence, Khode Island, and wiU be furnished by thel 
Treasury Department. This gauge has been approved by ■ 
Itie Board of Supervising Inspectors: 



I 
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"'AH samples intended tube tested on the Kielile testing ' 
macbine must be prepared in form, according to tlie above 
diagram, viz, eight inches in length, two inches in width, 
cut out at their centers in the manner indicated. Two i 
amal) center punch marks must be made on samples, one I 
inch each aide of their center, for the purpose of ascertain- 
iug their elongation or ductility. 

"In commencing ateBt,the person conductiog the same 
must first apply weights to within four thousand pounds 
of onc-qnarter of the tensile strength marked upon the j 
sample, and, after pumx>ing the machine to equilibrium, I 
ippljr Uiu remuining weights at intervals of abuiit fifteen i 

londfl, until the sample is parted. 
I** The smaller weights mu.-)t be applied last, and should a I 

pie part immediately on the application of such i 

Mit, the weight last applied must be rejected. 
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" The machine must be kept at equilibrium during the 
application of the weights, and, after the first application 
is made, the point where elongation commences must be 
ascertained by applying a pair of dividers to the center 
punch marks, at every additional weight, until the test is 
completed. 

"All tests made of boiler material must be recorded 
upon a table showing the following : 

" Date when tests were made. 

" From whom samples were obtained and by whom 
tested. 

" Material, iron or steel. 

" Stamp or label on samples, which must be the same as 
stamps on the material from which they are taken. 

"Thickness of samples, expressed in hundredths of an 
inch. 

"Width of samples, expressed in hundredths of an inch. 

" Strain at which each sample parted. 

"Strain per square inch of section. 

"Elongation of samples, expressed in hundredths of an 
inch. 

"Time consumed in tests, expressed in minutes and sec- 
onds. 

"Weight on machine at which elongation commenced. 

Elongation — In order to get anything like satisfactory 
results from any experiments made to determine the per- 
centage of elongation that any given sample of either iron 
or steel plates is capable of yielding, the samples ought to 
be at least six inches long, or better still, eight inches — ^the 
standard employed by the English and French governments. 
The samples should be rough polished on one side and 
ruled with lines at any convenient distance, say one-fourth 
inch apart. The elongation may easily be measured before 
or after breaking and the flow of metal observed at diffipi 
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»t portione of the piece tested. The Engliali Admiralty 
uiilUoyd'B Regiator both require that steel plates enter- 
lag into the construction of ships and boilers shall stand 
ui elongation of twenty per cent in an eight inch speci- 
vkta. This would require an elongation of thirty-seven 
■nd H half per cent on a two inch specimen, as deduced 
from the Lloyd's experiments See page 7*2. 

Iron boiler plate varies considerably, but will elongate 
from «iK to twenty per cent in samples of the same length 
u the above. 

Heduclion of area — When wrought iron and steel sam- 
plea are broken to ascertain this tensile strength, the orig- 
inal area of cross section is always reduced and this 
redaction of area is a good index in determining the 
■Ditability of the material for boilers. When iron or steel 
plates are under high tension in a testing machine, the 
reduction of area will depend largely upon the inherent 
hardness or softness of the samples; thus, a soft fibrous 
iron will stretch and soon show a reduced area in which 
the fracture will occur. The amount of elongation and 
redaction of area will be found to be greater than if the 
irou had been of liigher tensile strength. Uard specimens, 
either of iron or ateel, stretch very little and in breaking 
do so suddenly with very little reduction of area. Hoft 
eteel elongates more than iron plates and will suffer s 
contraction amounting to from thirty to sixty per cent of 
original area. 

The writer was shown by Mr. Atkinson eteveral sam- 
ples of "Sligo" iron, by Phillips, Nimick A Co., stamped 
fifly-seven thousand pounds and having an actual tensile 
ittrengtli of seventy-one thousand pounds, which showed 
ader breaking an average contraction of area of thirty- 
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Tenacity and ductility are so closely associated that 
separation is almost impossible, and the tendency of experts 
now is to require irons of a certain tensile strength to 
suffer a certain reduction of area beforebreaking, or when 
the elastic limit is reached. At a meeting of boiler plate 
manufacturers, held at Philadelphia, November, 1878, after 
a very intelligent discussion of this subject, it was 

''Resolved, That in the judgment of this meeting, plates should 
not be used in a steamboat boiler that showed a contraction of area 
less than twelve per cent. We therefore recommend that all boiler 
plate, stamped with a tensile strain of under forty-five thousand 
pounds, should show contraction area of twelve per cent ; forty-five 
thousand and under fifty thousand, should show fifteen percent ; fifty 
thousand and under fifty-five thousand, should show twenty-five per 
cent; fifty-five thousand and over should show 35 per cent.' 



It 



In some tests made by Mr. Kirkaldy, in 1876, upon 
Essen and Yorkshire plates, one hundred and twenty-eight 
specimens were tested, with results as follows — specimens 
ten inches long in central portion, by two inches in width : 



TABLE XXII. 



Elastic stress , 

Ultimate stress , 

Stress for fractured area 

Contraction of area 

Extension at 30,000 pounds 
Extension at 40,000 pounds 
Extension ultimate 



ESSEN. 



25,144 pounds. 
48,028 pounds. 
74,542 pounds. 

83.8 per cent. 

1.94 per cent. 

7.76 per cent. 

22.70 per cent. 



YORKSHIRE. 



27,477 pounds. 
45,515 pounds. 
56,875 pounds. 

18.6 per cent. 

0.85 per cent* 

6.41 per cent. 

14.80 per cent 



nNU BOILKB l>t.A 



mtieily ts thai property which all bodies have in a 

or less degree uiul by whicli they retain their form | 
acted upon by any force whith tends to distort their 
>l figure. 

itioity is said to be perfect when a body acted upon | 
toTve whith distorts it will immediately and com- 
(iletcly recover ita original form, when the force is removed. 
Elasticity is said to be imperfect when such a force per- 
mincntly alters or rhanges the shape of the figure either 
wliolly or in jiart. 

The different kinds of elasticity are known by names 
t-orrespnndi ng to the difl'erent kinds of strains to which 
bodiefl ean be subjected and are known under the several I 
names — tension, compression, flexure and torsion. 

The fhslic limit of any material represents the load 
which it is capable of receiving before it becomes perma- 
nently fixed or set, and from which it will not recover 
when the load is removed. Thus, there are limits to ten- 
sion, compression, flexure and torsion, beyond which the 
addition of a fiirtber application of weight or force will 
sooner or later lead to rupture. 

Reference is made, not to sudden changes in stress and | 
thockfl. but to gradually increasing strains. This defini- 
tion ia theoretically worthless, for a limit so definite is not 
probable and much less is it proven.* Such investigators 
ma Hitdgkinson and Clark have observed that thei 
permanent changes of form under very small loads. At I 
present we mast be content with defining this limit with 
Fairbnirn, as that stress below which the changes in form i 
are approximately proportioned to the forces, while above | 
this they increase much more rapidly. 

All experiments, up to the present time, have shown 

that when the elastic limit is piissed. the tensile resistance is 

pjanpsiderably increased, while ductility and tenacity dimin- 
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ish ; the metal becoming brittle and having little power of 
resistance to shock. In experiments at the Woolwich 
Arsenal, an iron rod, four times ruptured by pull, gave the 
successive values of 3,520, 3,803, 3,978, 4,186. 

'' It is found by experiment that, up to the limit of elas- 
ticity, the displacements suffered by the molecules of the 
body are sensibly proportional to the stress which causes 
them, so that a double displacement is caused by a double 
straining force; a triple displacement by a triple straining 
force; and so on."* 

The elastic limit is usually determined by weighing the 
force required to produce a perceptible and permaneut 
change of form in the sample tested ; this weight, divided 
by the area of the sample, gives the approximate elastic 
limit. 

The elastic limit of wrought iron is generally taken at 
one-half its tensile strength. Experiments made at Wash- 
ington on bars from five-eighths to two inches diameter 
show that for the particular grade of iron required for 
chain cables and for ship-building purposes generally, the 
elastic limit does not vary much from fifty-seven per cent 
of its tensile strength. 

Tests made of rivet steel from the Edgar Thompson 
steel works show, on three-quarter inch bars turned down 
to one-half inch]diameter, an elastic limit'of 41,000 pounds, 
the sample having 64,000 pounds tensile strength; ^vith 
twenty-nine per cent elongation in a three inch specimen 
and fifty per cent reduction of area at point of fracture. 
The carbon in this steel was 0.11 per cent. 

For steel boiler plates from the same company having 
an area of .2232 (.62 X .36), the elastic limit was 37,634 
pounds, the tensile strength being 58,690 pounds. 

^Anderaon. Strength of Materials, page 4. 
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PerctuiioR tests are aeldoui reaorted to, for tUe reason 
lb*t very few iroiia will atand audi a teat. It ie sometimes 
employed in testing plates for ship building, aud in all 
wch tests the auperiority of ateol over iron plates ia 
clearly ahown. Percussion tests hiive been made by allow- 
ing a ball weighing nearly thirty-four buiidred pounds to 
I bll on the unanpported middle of steel and iron boiler 
plates from distances varying from tive feet six inchea to 
I twelve feet high. -The lirst blow from a height of tive feet 
*1x inches cnioked the iron plate, and these cracks were 
much extended when the plate waa-turned up and struck 
OD the otlier side from a height of eight feet. With ateel 
(wilcr platus the first blow was from five feet sis inchea 
high; this produced no Haw. The plate was then turned 
. over and atruck from a height of eight feet six iucliea; it 
was then turned over again and atrnck from a height of 
tan feet; nnd was again turned over and struck from a 
beigltt of twelve feet, ami siill no <;ra<-'k or Hiiw fonml 
in it. 

Buying testi — These are seldom made, and su tat' as llm 
writer i* aware, are never required in any specifications for 
boiler plate. Experiments were made by Mr. Kirkaldy in 
l87£> to ascertain the reaiatance of plates to and the effects 
under bulging atresa, and are tabulated in his report on 
Eesen and Yorkshire wrought iron plates. Fitly-four speci- 
mens, i?acb twelve inches diameter, were pressed into an 
aperture ten inchea in diameter, the "bulger" being five 
inches in diameter aud having a rounded end turned to a 
radius of five inches. The stress was gradually increased 
aniil the specimen was pushed through the aperture or 
antil the specimen gave way either by cracking or burst- 
ing. Those experiments were made on plates havi ng > ^ 
DOnuo nl thickness of three-eighths, one-half and^^^| 
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eighths of an iuch. The tbree-eighthe inch plates stood 
the test better than tbe latter, and are given in the follow- 
ing table taken from the report: 



TABLE XXIir. 

RESULTS OF EXPERIMENTS BY MR, KIRKALDY TO ASCEKTAIN TBI 

RESISTANCE TO BULOINO STRESS OF WROUGHT IRON PLATES. 

NOMINAL THICKNESS THREE-EIGHTHS INCH. 

PLATES UNANNEALED. 
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The English Admiralty testa for irons entering into the 
construction of steam boilerB are as follows: 
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TABLE XXIV. 

TEN81LE 8TRENGTH REgClRCD OF WROUGHT fROS STRPLIED THE EHG- 

USH GOTEE3SME5T. 





■ow IBSTKO. 


TrnvafLK 


amAt». 


f 

ex ASP or non. 


1 

. pocvDa) rmm 
iQCAHi ivca. 


IV POUVD* 

rmm 
•QCAKX ivca. 


RB or 1st efaMt plate iroa asd 
•beet iron, % iMk tkirit asd 
aboT«» 


f With the gxaia. 

I^A^aiaet the tpnim . 


a 
IJ 




40,220 


BB or 1st daaa boiler plate iroa 
% iaeb thick asd aborr. ... 


j With the gnim. 

1 A|»iast the «r8ia„ 


21 




4*;0t 


B or Sd riaar plate or sbcct iroa — 


(with the gnia 

'l Agaiaat thecraiB • 


2f» 

IT 




4Mnt 


Aacle, Balb, T, ,_^ or other iroa 
of ordiaary fona _.. 


1 With the cnia 


-22 




4t,21* 


Bnt Bkerehaat iroa, BB bar iroa, 
H nwad, aegmeataL Fire bar 


J With th^ graia. 


n 




4t,Mt 



^OT^^ tests are made by bending the samples of iron 
over a comer of a cast iron slab^ of which the edge is 
slightlj roanded. The plates to be tested may be either 
hot or cold, and are tested both with and across the grain. 
The test consists in determining the angle through which 
the plate will bend without showing signs of fracture. 
This, of coarse, depends apon both the qaality of the iron 
and the thickness of the plafe. 

The next table contains the requirements of the Eng- 
lish goTemment in forge tests, and will be found to be 
well adapted for testing American irons. The best Amer- 
ican irons will stand a severer test than that required of 
the BB 21 ton T. S. English iron. 
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TABLE XXV. 

BUOWINQ THE f6R0E TESTS, BOTH HOT AND COLD, REQUIRED BY THB 
ENOLISH UOVBRNMENT FOR PLATE AND SHEET IRONS. 





POSITION OF 

THE GRAIN IN 

THE TEST. 


PLATE IRON. 

• 


SHEET IBOV 


KIND OP IRON 





COLD. 


HOT. 


COLD 




TESTED. 


THICKNESS. 


ALL 
THICK- 


HOT. 






J IN. 


i IN. 


f IN. 


1 IN. 


Vmammo 

UP TO 

1 INCH. 






T. 8. 




** 














Best Best, 21 tons. 


Lengthwise.. 


70° 


35° 


25° 


15° 


125° 


90^ 


125*^ 


Best Best, 18 tons. 


Crosswise 


30° 


15° 


10° 


5° 


90° 


40° 


9(f 


Best, 20 tons 


Lengthwise.. 


55° 


30° 


20° 


10° 


90° 


75° 


9(f 


Best, 17 tons 


Crosswise 


20° 


10° 


5° 




60° 


30° 


6(y 



The angles given in the above table is that throagh 
which the plate is bent, commencing at the horizontal^ and 
is not the angle between the sideer of the plate after it i» 
bent. 

Mr. Kirkaldy^s experiments — The investigations of Mr. 
Kirkaldy, founded upon an elaborate series of experiments 
made by him on iron of every description and quality, led 
him to the following conclusions, among many others: 

" I. The breaking strain does not indicate the quality, 
as hitherto assumed. 

*'2. A high breaking strain maybe due to the iron 
being of superior quality, dense, fine and moderately soft, 
or simply to its being very hafd and unyielding. 

^'3. Alow breaking strain maybe due to looseDess 
and coarseness in the texture or to extreme softness, 
though very close and fine in quality. 
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"4. The contraction of area at fracture, previouslj 
overlooked, forms an essential element in estimating the 
quality of specimens. 

"5. The respective merits of various specimens can 
be correctly ascertained by comparing the breaking strain 
jointly with the contraction of area. 

"6. Inferior qualities show a much greater variation 
in the breaking strain than superior. 

''7. Greater difterences exist between small an^ large 
bars in coarse than in fine varieties. 

"8. The prevailing opinion of a rough bar being 
stronger than a turned one is erroneous. 

"9. Rolled bars are slightly hardened by being forged 
down. 

"10. The breaking strain and contraction of area of 
iron plates are greater in the direction in which they are 
rolled than in a transverse direction. (The experiments 
show the difference to be about ten per cent)." 



CHAPTER VI. 



RIVETED JOINTS. 

Effects in Punching Plates — Experiments on Drilled and Punched 
Holes — Experiments on Ordinary and Spiral Punching — Strength 
of Riveted Joints — Single Riveted, Hand, Steam and Hydraulic 
Riveting — Double Riveted Lap Joints — Single and Double Riveted 
Butt Joints — Experiments on Thick Steel Plates by Punching and 
Drilling — Loss Due to Punching — Experiments on Chain and Zig- 
Zag Riveting — Testing Rivets — Testing Stay Bolts — Shearing Tests 
of Rivet Iron and Steel — Steel Rivets — Proportions for Single 
Riveted Lap Joints — Double Riveting — Calking. 

The only practical method of joining plates in the con- 
struction of boilers is by riveting. This is at best a very 
expensive and unsatisfactory way of making a joint, and 
the difficulties begin at the very outset by the loss of 
strength occasioned in punching the plates, and occurs by 
reason of, 

1. A reduction of area through the line of rivet holes, 
and 

2. By the disturbing influence of the punch on the 
remaining metal, still farther reducing its tensile strength. 

The bad effects of punching are, in general, more appar- 
ent in steel than in iron plates. It has been observed that 
when ordinary mild steel plates, having a tensile strength 
of upwards of seventy thousand pounds, have been tested 
after punching and before annealing, there is a loss of 
strength variously estimated from five to forty per cent of 
the original plate, depending somewhat on the hardness 
and the thickness of the plate. 
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The observed changes in the material in the line of 
punched holes are, increased hardness, alteration of struc- 
ture and loss of ductility. 

From specimens tested, which had been cut from dif- 
ferent portions of the same plate and in the same line of 
punched holes, there does not appear to be a uniform dis- 
tribution of strain over the entire surface of the plate, but 
the disturbance of material is confined to within a very 
short distance around the hole, extending from one to 
three-sixteenths of an inch. This inference is drawn from 
the fact that by drilling and reaming out punched holes 
and then testing the plate, making proper allowance for 
the reduced area, no perceptible decrease of strength is 
noted. 

TABLE XXVI. 

SHOWING RESULTS OF EXPERIMENTS MADE TO ASCERTAIN THE EFFECTS 

PRODUCED BY DRILLED HOLES AND BY PUNCHED HOLES 

UNDER PULLING STRESS, KRUPP'S WROUGHT- 

IRON. TESTS BY MR. KIRKALDY. 



Biae of specimen — ^holes not de- 
ducted 

5l»e of specimen— gro88 area, 
■qoare inchea. 

Ultimate stresa per square inch... 

Ultimate strev—total.. 

DIArence, or loss per square 
inch. 

DUfereoce or lost— per cent 

EloogatioD of holea— fractured... 

Eloogation of holes — unfrac- 
tored... 

KloogatSon of bolea— total— inch. 



LBMOTUWAY. 



OROSSWAY. 



DRILLED. 



8 X .44 

3.52 
33,005 lbs. 
116,180 lbs. 

19,590 n>8. 

37.2 
.34 inch. 

.18 inch. 
.62 



PUNCHED. 



W X .44" 

3.52 
28,006 tbs 
98,580 lbs. 

26,r>34 lbs. 

4S.6 
.17 inch, 

.05 inch. 
.22 



DRILLED. 



8" X .44" 

3.52 
30,053 0)9. 
105,790 lbs. 

20,142 lbs. 

40.1 
.27 inch. 

.13 inch. 
.40 



PUNCHED. 



8 X .44" 

3.52 
24,329 lbs. 
85,640 lbs. 

26,101 lbs. 

51.7 
.15 inch. 

.03 inch. 
.18 
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TABLE XXVI— CoNTiKUBD. 





LBNGTIIWAY. 


CROSSWAY. 




DRILLED. 


PUNCHKD. 


DKILLED. 
23.5 

Fibrous. 


PUNCHED. 


• 

Elongation of holes— total— por 
cent 


30.6 

Fibrous. 
52,595 lbs. 


13.0 
Fibrous. 

54,540 lbs. 


10.6 


Appearance of fracture 


Fibrous. 


Solid plate, ultimite strew per 
fmuare inch 


5(»,195 lbs. t 50.4.% Dm. 









The drilled holes were made exactly the same size as tho.te punche<I : Diameter 0.85 
inch X 4 holes =- 3.40 inches, or 42.5 per cent of the width of the specimen. All the speci- 
mens were unannealed. 



V 



V 



r 



X 



The engraving, fig- 
ure 8, represents the 
shape of the specimens 
tested, being 8 inches 
F-iouRK 8. in width of central por- 

tion, with the rows of rivet holes two and a half inches 
apart between their centers; the pitch of the four holes 
across the plate being two inches, the one row being to 
exhibit the elongation of the holes after the plate was 
pulled asunder, the other to show the shape of the holes 
without being fractured. The punched holes were conical, 
as usual, being larger on the exit than on the entrance side 
of the plate. Those drilled were all made exactly to the 
smaller size, and thus suitable for the same sized rivet. 

It will be observed that in the first line of the table the 
space occupied by the rivet holes is not deducted as cus- 
tomary in making calculations on riveted joints, and that 
the gross and not the net area is stated. Mr. Kirkaldy's 
reason for doing so is, that it is better to give the total 
stress borne by the specimens of gross sectional area in 
pounds per square inch instead of the reduced area, so that 
any one can divide it by the net area, instead of the gross 
area, should they }>refer to do so. 



STBENIiTll OF priNCIIED I'LATBH- H9 

The strength of the solid plato, or that withniit the 
lioles, was taken from other testa of the same material, and 
»^ven in tlie last line of the table, in or-der to facilitate 
eomparisons. The difference in strength between that of 
ibe solid plate and that with the holes represents the loss 
^lite to the latter. As already shown in the font note to the 
table, 42.5 per cent of the plate was removeii in forminjf 
the four holes. The actual loss appears as follows: In 
the plate with drilled holes 37.2 per cent loss when tested 
lengthway of the plate, and 40.1 per cent when tented 
crosBWay; or a mean loss of 38,(io per cent for the two 
directions. In t)ie plates with punched liolee the loss, when 
teeted lengthway of the plate, was 48.6 per cent and 61.7 
per cent when tested crossway of the plate, fhowinfia mean 
Mas of 50.15 per cent for the two directions. 
To aummariKe we have, then. 

Loss dufi In piint^biiig, meao &OJft 

t.m* due to drilling, me»n 40,01 

.Showing a menu loss of 10. r* 

|ier o^nt. dtii.* U> punching over dfillin)t, ' 

The altimate stress borne by a specimen is greatly 
iflected by the hardness or softness of the material and by 
the shape of tlie specimen. The softer the material the 
mora rapidly does its sectional area become reduced by the 
ipecimen stretching and consequently in the amount 
of Mresa anstaincd. When the brea/lth of a specimen in 
Kdooed to a toinimum atone potnt.a greater resintance is 
o^red to its stretching than when formed parallel for 
tome distance; nud as the stretching ia (diecked so will 
tlso the contraction of area, and with it will be an increaM 
ID the altimate stress.* 

Id all panelled holes in boiler plates which the writer bsa 
nuasared, there has been the same eontcal taper resttltini; 
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from the use of a die larger than the punch. This is the 
common method of fitting punches and dies for boiler 
work, originating, doubtless, in a necessity for a larger die 
because of a lateral motion of the punch, due to the imper- 
fect fitting of the slide to which the punch is secured. 
Then, afterwards, as punching machines were better built 
and had none of that lateral motion, the same practice of 
fitting punch and die continued, under the belief that it 
was 'necessary to good punching. The fact that some of 
the best examples of punching now on record was done in 
a machine in which the punch and die accurately fitted 
each other, shows that this matter of enlargement of the 
die may easily be overdone. 

The ordinary clearance for five-eighths and three- 
quarters inch dies is nearly ^ of an inch; the punch 
being made on size and the clearance allowed in the die. 
Cold punched nuts, as for example, those made by 
Hoopes & Townsend, Philadelphia, when taken as exam- 
ples of "eoinmerciar* punching as distinguished from 
experimental merely, are of considerable interest in this 
connection, owing to the entire absence of the conical 
holes spoken of in the preceding paragraph. It has 
already been shown in the table collated from Mr. Kirkal- 
dy's exi)eriment3, that there is a loss in punching iron 
plates over drilling, approximating ten per cent, Hoopes 
& Townsend have long been of the opinion that if properly 
performed, punching does not weaken good iron farther 
than by the simple reduction of area. In order to deter- 
mine the truth or falsity of this opinion they prepared 

a number of test 
pieces similar to 
that represented in 
figure 9. These were 
FutURK 9. made of bar iron 

13 X I inch, and one of each pair had a hole fj inch in 
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diameter drilled, and the other speciineD the same sized 
hole punched in it. The specimens were then planed 
down next the hole, as represented in the engraving, so as 
to leave a thickness of three-eighths inch on each side of 
the hole. The other pairs had one-quarter, three-six- 
teenths and one-eighth inch respectively. These speci- 
mens were then broken by subjecting them to a tensile 
strain in one of Riehle Brothers' testing machines, with 
the following results :* 



TABLE XVII. 

STRENGTH OF PUNCHED AND DRILLED IRON BARS. H00PE8 A 

TOWNSEND. 



THICKNESS OF 


THICKNESS OUT- 


PUNCHED BAR 


DRILLED BAR 


BAR. 


SIDE OP HOLE. 

i inch. 


BROKE AT 


BROKE AT 


i inch. 


31,740 pounds. 


28,000 pounds. 


i inch. 


} inch. 


31,380 pounds. 


26,950 pounds. 


1 inch. 


J inch. 


18,820 pounds. 


18,000 pounds. 


1 inch. 


\ inch. 


18,7r)0 pounds. 


17,590 pounds. 


1 inch. 


x\ inch. 


14,590 pounds. 


13,230 pounds. 


i inch. 


1^ inch. 


15,420 pounds. 


13,750 pounds. 


i inch. 


i inch. 


10,670 pounds. 


9,320 pounds. 


1 inch. 


i inch. 


11,730 pounds. 


9,580 pounds. 



From the engraving it will be seen that it was the por- 
tion of the iron immediately next to the hole, and which 
is usually supposed to be most aftected by the action of 
punch or drill, which had to resist the strain. It will be 
seen that, in any case, the punched bars had the greatest 
strength, indicating that the punching had the effect of 
strengthening instead of weakening the iron. These 
experiments have given results just the reverse of similar 
experiments made on specimens of boiler plates; but 

^Thaae tatto were undeitakeD at the suggestion of and were first pnblislied in the 
Bailxmd Qnmitm. 
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MesBFB. IIonpeB & Towiisend argue that it is due, first, to 
the kind of material used, which is a tough and ductile 
iron, and aeooud, to the method of punching. If a brittle 
and granular iron was used, the effect of the punching 
would be to crumble or disintegrate the iron in the imme- 
diate vicinity of the action of the punch ; or if the punches 
and dies employed were so proportioned as to have a ten- 
dency to split open the bar, the metal around the hole 
would also be strained injuriously. But in manufacturing 
nuta they use a punch which fits accurately into the die, 
and the machines employed are heavy enough and made 
to work with sufEcieut arcnracy so that the iron being 
punched is subjected to diroct vertical pressure alone, with- 
out exerting any lateral or bursting strains in the iron. 
The effect is, that the metal is compressed and thus made 
more dense- and stronger. That some such action takes 
place seems probable from the appearance of the holes 
in the nut, which are straight and almost as smootli as 
though they wore drilled. 

Kenneily's patent spiral shearing punch — A 
eleven-sixteenths inch punch, the size used in 
nnlinary five-eighths inch riveting, is shown 
lull size in figure 10. 

This punch derives its name from the fact 
' li;it in its operation it performs its work in a 
nxle, in the same manner that aaheardoes — 
Ml :i straight line. Thus, to shear a hole two 
inches in diameter in a given plate of iron, is 
about the same as to shear off' a bar of iron of 
the same thickness, a little more than six inches 
in width. It is well known that to cut off a 
given plate of metal with the blades of the 
cutter parallel, requires an unionnt of power and conse- 
quent strain upon the machine fur beyond what it would 
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if the blades were only a few degrees angular to each otliur, 
This is juat the difference between tbe Hat and the "spiral 
shearing punch." 

It would seem a matter of some surprise, then, that 
with this knowledge, and in view of the enormous und 
growing extent to which iron and steel are used, tliut so 
little change, to say nothing of improvement, has been 
nude in the puncliing of holes. Some few attempts have 
been made in that direction, which are too familiar to need 
special notice; still, nothing has remained but thehard and 
oofltly and damaging method of the common flat punch. 
It ia hard and expensive, because it not only requires 
»pnnctimg macliiue to be at least one-third heavier and 
fttroDger to meet the strain, but also rc(|nircs at least tifly 
per cent more power to do the same work that can be done 
with the spiral punch. But the economy in power, the 
cost, und strain, and wear of machinery, whit^h was the 
first object in the mind of the inventor, proves to be but a 
tiuall part, of the real value of the invention. 

So seriouH and well known is the injury and weakening 
of the surrounding parts after punching thick steel plates 
tnd flonietimes iron plates, has led to u prejurlice against 
panching at all where the strength of the material is of 
importance, and, therefore, resort has generally been had 
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l(> tbe tedious and costl; 
Experiments were 
maile in steel plates cut 
to sample, Hs shown in 
figure 11, suitable for 
testing in a machine, 
with results as follows: 
Two holes were punched in each specimen, as seen in tbe 
cnt, one with a flat punch and the other with a spiral 
poach. When tested, all the specimens broke through the 
bole ponched with tbe flat panch. 
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In tests made to determine the relative amount of 
power required to operate the two kinds of punches, it was 
found that a seven-eighth inch "spiral punch" penetrated 
a five-eighth inch plate, at a pressure of twenty-two to 
twenty-five tons, while a seven-eighth "flat punch" in the 
same plate required thirty-three to thirty-five tons, thus 
showing a dead loss of ten tons of pressure on each hole, 
heside the additional strain and wear of machinery. 

The following table supplies some interesting data in 
regard to punched plates, as well as a comparison of the 
two punches: 

TABLE XXVIII. 

RESULTS OF EXPERIMENTS MADE AT CREWE ON THE TENSILE STRENGTH 

OF SAMPLES OF THE SAME PLATE PUNCHED WITH KENNEDY'S 

SPIRAL AND ORDINARY PUNCHES RESPECTIVELY, 

BY MR. F. W. WEBB. 





BREAKING WEIGHT OF 
PIJITE. 


ELONGATION. 


AREA OF 
PLATE 
UNDER 

TENSION. 




DIAME- 
TER 
•OF HOLE. 


ACTUAL. 


PER SQUARE 
INCH. 


ON TWO 
INCHES 

OF 
LENGTH 


PER 
CENT. 


REMARKS 








ACROSS 














HOLE?. 











POUNDS. 


POUNDS. 








.885 


45,350 


63,752 


.11 


5.5 


.7114 


» 


.885 


45,000 


60,318 


.23 


11.5 


.7461 




.895 


42,400 


57,495 


.14 


7.0 


.7375 




.89 


37,050 


51,287 


.03 


1.5 


.7224 


Punched w 
**ordinai 


.89 


42,800 


60,692 


.06 


3.0 


.7052 


punch. 


.90 


45,150 


61.047 


.07 


3.5 


.7396 




.895 


39,400 


55,465 


.09 


4.5 


.7032 




Mean 


42,393 


58,579 


.104 


5.2 


.7236 
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nElKIKG 


WKIOHTOF 1 








PLATE. 1 ' 


.OM. 


ATIO . 






"v 


H*S 




WBdii: 


PODKDB. 


PER 84" A RE 

ISCH. LE 

HO 


LES. 


-" 




POPKDR. 






SSd 


45,850 


63,285 


z- 


i:i,,T 


88 


48,(K» 


67,672 


25 


12 5 


W 


46,200 


63,584 


23 


11-5 


.8)i 


44,250 


61,254 


12 


6.0 


88 


45,500 


64.148 


26 


13,0 


.895 


47,600 


66,084 


27 


IS.5 


.88.5 


45,600 


61.476 


09 


4,5 


Mean 


46,143 


63,929 


21 


10.6 


.885 


40,350 


55.693 


21 


10 5 


.89 


41,800 


59,274 


08 


4.0 


895 


44,350 


63.073 


24 


12.0 


885 


45,400 


62,664 


24 


12,0 


.885 


42J0O 


58,109 


24 


12,0 


.89 


45,450 


62.915 


23 


11.5 


.89 


34,300 


47,480 


07 


3,5 


Mean 


41,9M 


5M&S 


19 


9.3 



,7093 
,7266 
,7224 
,7093 
,7^13 
,7418 
.7220 
,7245 
,7052 
,7032 
,7245 
.7245 
.7224 
.7224 
.7181 



' "Kcnned'r'B 



Strength of riveted joints — The first reliable data on the 
strength of riveted joints was given by Sir William Fair- 
bairn in 1838, which was deduced from tests made with 
single and donble riveted joints in plates of wrought iron 
one-quarler inch thick. The relative valnes given hy him 
were. 
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Tensile strength of the solid plate 100 

Tensile strength double riveted lap joint 70 

Tensile strength single riveted lap joint: 56 

Since that time the percentages as given above have 
been in almost constant use l^y engineers and are still gen- 
erally accepted. As difterences in material, kind and 
number of rivets, as well as varieties of arrangement and 
spacing of rivet holes became more common, tests were 
also made from time to time with more or less varying 
results, some of which are presented in this chapter. 

Mr. W. Bertram's experiments, as given by Mr. D. K. 
Clark in his Manual of Rules and Data, shows that for 
three thicknesses of specimens tested, viz, three -eighths, 
seven-sixteenths and one-half inch wrought iron plates, 
having a tensile strength of twenty tons (44,800 pounds) 
per square inch, that the averages of all the lap joints 
show that the three-eighths inch joint is the strongest, that 
the seven-sixteenth inch is nearly as strong, and that they 
are about one-quarter stronger than one-half inch lap joints, 
relatively to the thickness of the plate, thus: 

TABLE XXIX. 

COMPARATIVK .STRENCiTH OF RIVETED JOINTS. 



THICKNESS OF PLATKS. 



Strength of plate, per cent 

Strength of single riveted joint by hand.. 
Strength of double riveted joint by hand.. 



J INTH. 


j^jj INl'H. 


100 


100 


40 


50 


59 


70 



f INCH 
100 

60 
72 



The test specimens were each four inches wide and 
contained two rivets each, three-quarters of an inch diam- 
eter, placed two inches apart, center to center. Three tests 
of each were made and averages taken for the numerical 
value of percentages as given. 



RIVETED JOINTS. 97 

The figures in the above table show that for single or 
doable riveted joints, thin plates are tii be preferred to 
thick ones. 

Experiments by David Greig and Max Ei/th, Leeds, 
England — Iii aome teets of riveted joints made by these 
fentlomen (1879), in which each construction of Joint 
was represented by four apecimens of exactly the same 
itimensians, two being of steel and two of iron, one 
vpecimen of eacli material was of Brown's and one of 
Cammell's make. This distinction wus made, not for the 
purpose of testing two diflerent materials, but to get a 
fuir average result. Tests of these two materials, made 
oil samples two inches wide by threo-eighths inch thick, 
pive an average breaking strain per square inch of solid 
plate as follows: 

CMnmoII*» irotL _ 21.9 W.UM 

CmuidoU'* Bteel 34,0 53,760 

Brown'i iron., 22.6 50.624 

SraiTii'« -fle^l -21 f- (■.1.H24 

ThiB gives, 

Ari-rftKP of iroti -^i'. 4y.840 

Aterage of ftcAl., 25.H0 57,711^ 

The iron specimens were invariably riveted together 
with iron rivets, the steel with steel rivets. The thickness 
of alt plates was nominally three-eighths inch; the rivets, 
Wcepl in four eases, were nominally live-eighths inch, the 
holes being drilled eleven-sixteenths inch in diumeter. 
The slight difference in the thickness of the plates was 
fwinced by calculation in working out the experiments 
to a anifomi thickness of three-eighths inch. 

Test pieces were prepared, as showu in table XXX, 
to determine the relative value of pnncbiag and drilling. 
AH the specimens were alike in their dimensions, two 
(8) 
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pieces, six aad a half inches wide, forming a single riveted 
lap joint, with four, five-eighths inch rivets, one and five- 
eiglitlis inch pitch. The punched and drilled holes were 
of the same diameter, viz, -fj- inch. The die for the punch 
was ^ inch diameter, or the usual -^ inch clearance. 
The conical hole produced by punching measured at the 
top 0.708 inch and at the bottom 0.790 inch, there being 
no measurable diflerence between iron and steel in this 
respect. Four of these specimens were of iron, two being 
drilled and two punched, all steam riveted. In the 
punched specimens the conical holes were placed with 
their smaller ends in contact. Of the two drilled speci- 
mens, one broke through the plate, the other sheared in 
rivets. The average strength of the same proved to be 
50.4 per cent of the strength of tlie solid plate. 
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The practical conclusious to be drawn from the above 
e are, that the tensile strength of iron platea, single 
ted, range from 40.6 to 53.9 per cent, and for steel from 
to 60.2 per cent. ' 
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In the experiments the hand riveted iron specimen 
broke through the plate, showing the seam to have 
strength of 46.5 per cent of the solid plate, and the iron^ 
section to break with 82.5 per cent of its normal breaking- 
strain. Of the iron specimens riveted by hydraulic and 
steam power, one broke in the plate and the other sheared 
the rivet in each case. The strength of the seam proved 
to be 50.9 per cent of the solid plate for steam, 53.9 per 
cent for hydraulic pressure; the breaking strain of the iron 
being for steam 84.6 per cent and for hydraulic pressure 
89.6 per cent of its normal breaking strain. Here, then, 
hydraulic riveting has come out distinctly superior to steam 
riveting, its quiet action no doubt injuring the material 
less than the shock given by the steam riveter. Hand 
riveting, of course, is left far behind by the two other 
methods. 

In regard to the tests on steel plates, all the specimens 
(six) broke by the shearing of the rivets. Hand, steam and 
hydraulic pressure gave respectively 49.4, 58.6, 54.4 per 
cent for the strength of seam as compared with the solid 
plates, and the rivets broke respectively with 94.9, 112 and 
107 per cent of their normal shearing strain. Here, then, 
hydraulic riveting has come out second best, the proportion 
corresponding remarkably well with previous experiments 
concerning a single rivet. The fact then seems to be that 
the plate, especially if soft, is much less injured by hydraulic 
riveting, and that this method has, therefore, a decided 
advantage where the plate is the weaker part, but that 
the rivet itself is stronger when put in by the steam riveter 
(at least by the machines used for these experiments), 
owing, probably, to the greater compactness of the rivet 
material obtained by the sudden shock. 
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TABLE XXXI. 

WIBNGTH OF LAP J0IMT8— DOUBLE RIVETED PLATE, SEVEN AND A HALF 
INCHES WIDE. THREE-EIOHTHS INCH THICK. 
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Iron pUlaabmTeiRurlTaU; alMl pUtea iileel riiet*. 

These tests show a reduction in strength of seam by 
increasing the number of rivets in a seven and a half inch 
plate, from six to eight, and also their diameters from five- 
eighths to three-quarters inch. The plate containing the 
six rivets, five-eighths inch diameter, had two and a half 
inch centera of rivets lengthwise of the seam, the second 
row of rivets being in a line one inch distant, making the 
dtagooal centers of rivets one and five-eighths 
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One of the iron specimens broke through the plates, the 
fracture following a zigzag line through the rivet holes ; 
the other sheared the rivets. The strength of the seam 
was 64.6 per cent the full strength of the plate. In the 
first case (zigzag fracture), the section of the plate along 
the line of fracture broke with 113 per cent of its normal 
tearing strain. The steel samples broke through the 
rivets, the latter showing a shearing resistance only two 
per cent above the normal. This reduction of strength, 
as compared with former test pieces, is caused by the 
absence of bending of the joint, owing to the double row 
of rivets keeping the plates more rigidly in line. The 
strength of the seam was the highest obtained, being 70 
per cent of the solid plate. 

In the second series of tests in table XXXI, the test 
specimens were of the same dimensions as the first, viz, 
seven and a half inches wide, three-eighths inch thick, the 
number of rivets being increased to eight and their diam- 
eters to three-quarters of an inch. The pitch of these rivets 
was one and seven-eighths inch lengthwise of the seam, 
and one and seven-eighths inch centers of rivets to the 
second row, or equidistant in any direction. Although 
the joint is very rigid, it is rather weak in the plate against 
direct tensile strain and was sure to break in a straight 
line across the rivets. Its strength proved to be 59.2 of 
the solid plate for iron and 62.9 per cent for the steel 
specimens, showing again the great advantage gained by 
the effect of a double row of rivets in preventing the 
bending of the joints under stress. 
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Figure 14 is ii rciireaeiitation of t\u: two test specimeos 
given ill the first two lines in the table, being niiigle riveted 
butt joints, with a cover plate on one side only, the four 
five-eijfhths inch rivets being 
arranged exactly aa in the lap 
joints given in table XXX. The 
'■'"'"" "■ result was unfavorable. The 

fovt-r (which was of the same strength an the plate) bent 
reatfily, as shown in figure IH. 
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The iron specimens gave way in the plate, the seam 
Bhnurtiig a strength of 46.6 per cent of the solid plate; that 
U to flay, not higher than the ordinary lap joints. The 
ateel fumples sheared through the rivets, their strength 
being 55.8 per cent of the solid plate. Experiments made 
oil plates seven and a half inches wide, with a single cover 
nii<1 doiihle riveted, the arrangement of the rivetn being the ' 
siiiite as the double riveted lap joints already described, 
tlio iron specimens gave even less favorable results than 
the corresponding lap joints, proving conclusively that a 
bntt joint of the ordinary description, viz. with one cover 
of the same thickness as the plate, has scarcely any advan- 
tage over the ordinary lap joint. The results are very 
tlifferent in bntt joints with donhle covers, of which eight 
ftamples were prepared, four being single riveted and four 
double riveted. The shearing resistance of the rivets ia 
by this construction at once doubled, as the two sections 
have to be sheared to break a rivet. All specimens, there- 
fore, broke through the plates. But the tensile resistance 
of the plates was also greatly increased, partly bei-ause the 
eotiBtruction prevents all hendiTig of the plates, partly 
because a considerable anioiiiit of frictional resistance 
hetw-cen tlie plates ia gained. Thus, in all these cases, 
■ hough the plates broke, the strength of the seam was from 
i per cent of the strength of the solid plate, and the 
king strain of the fractured section rose in the last case 
S per cent of the normal breaking strain of the steel. 
iTrom what has already been said it appears that, for 
B-eighths inch iron plates the difterence between 

iched and drilled IioIcr is about ten per cent in favor of | 
Blatter, as compared with the strength of solid plate. 

^■tcel the difference between ilrilled and puncbed holes 
lanannealed plates ia about four per cent in favor of < 

iWng, and three per cent if the plates are annealed after 

' liiog. A difference so slight as this would hardly 
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'*pay" on the one hand for the expense of drilling, norot:» 
the other for the expense of annealing; if plates are pro — 
perly annealed at the manufactory there ought to be no 
further necessity for annealing in ordinary boiler construc- 
tion in which one-quarter, five-sixteenths and three- 
eighths inch steel plates are used, having a tensile strength, 
of sixty to sixty-five thousand pounds, and will stand the 
bending and temper tests already described. 

Mr, Boyd's experiments on thick steel plates — The effect of 
punching thick plates is different from what has been 
described in the pages immediately preceding, as fully 
shown in the abstract of results obtained by Mr. William 
Boyd, Newcastle-on-Tyne, England. In fourteen samples 
of steel boiler plates tested by Mr. Boyd, the average ten- 
sile strength was found to be 28.7 tons (64,288 pounds) per 
square inch, and with one exception exhibited a remarkable 
uniformity, showing that regularity of quality is now 
obtainable in a large specification of steel plates, without 
practical difficulty. 

Elasticity is lost at an early point, viz, at an average of 
16.6 tons (37,1^-* pounds) per square inch, equal to 58 per 
cent of the ultimate breaking strain. Elasticity also com- 
mences early, for it was quite perceptible when the speci- 
men tested had a strain of but eleven tons (24,640 pounds) 
per square inch of section. 

In endeavoring to arrive at a fair estimate of the 
amount of stretch in relation to the length, it was thought 
best to eliminate all the short specimens as not affording 
reliable data. Taking four specimens six and a half inches 
long, three specimens seven and a quarter inches long and 
two specimens twelve inches long, the ultimate stretch or 
elongation was found to be 26.5 per cent of the length of 
the specimen. 





ITKcniNG ASD URILLnjU THIlK PTKEl. PLATF 




107 


TABLE XXXIII. 


OfKBUUa-TB us fUXCIIKD AND DRILLED HOLEM IN THICK STKEI, 


BOILEIIt PLATES. BY WIL 


lAM BOYI>. 




,..„.,„.,„>- 




^ 

5 


ii 


i 


6 


si 


i: 


Steel, punched holes 


8AXH 


3.98 


u 


75 


18.8 


1,., 


Sl«el, punched holes 


^xu 


3QS 


M 


70 


17 4 


1 


i a 


8lo«l. drillwl holes 


8 XH 


4 01 


'A 


im 


27.4 




I 


Sleel. puuched holes 


4.72 


\m 


21. M 


u... 


i 2 


Steel, puurbed holes 


8 XH 


4.72 


'A 


97 


20.5 


* ' 


St«cl, jmncbol, ntiiieBled 


mxH 


4.70 


lA 


142 


30.2 


1, . 


7 ' 


Steel, punched, annealed. 


8 XH 


4.72 


'A 


136 


28.81 


1 


1 




8 Xii 


4.72 


'A 


146 


30.9 












The first two specimeDS in the first serice were punched 
lolefi, and show a mean breaking strain of 18.1 toua {40,644 
wiinds) per sqnare inch ; tiiking twenty-eight tons {62,720 
Ktuuds) aa the breaking strain of solid steel plate, this 
ibows a loss of strength eqaal to 35.36 per cent. In the 
Mt experiment of the lirst series, tbe holes were drilled, 
ind the specimen broke at 27.4 tons per square inch, sliow- 
D^ a losB of only 2.1 d per cent, 

Mr. Boyd next desired to ascertain whether the process 
>f beating or annealing the plates in the furnace had any 
iffect: for. in practice, all the shell plates of this thickness 
rare »o treated, being put into a. plate furnace and heated 
o a dull red heal before being bent in tbe rolls to the 
'eqnired diameter. The second series in tbe table exhibits 
he results of these experiments. In tbe first two apeci- 
nena the holes were punched and broke at a mean strain 
if 21.15 tons {47,S7ti pounds) per square inch. In the 
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second pair, the holes were also punched, but the specimens 
were afterward annealed in the manner described, and the 
mean breaking strain rose to 29.5 tons (66,080 pounds) p«r 
square inch, showing a result fully equal to that allowed |: 
per square inch for solid plate. In the fifth plate the holei 
were drilled, and the breaking strain was 80.9 tons (69,216 
pounds) per square inch. If, then, the mean breaking 
strain of these last three specimens be taken at 30.2 toni 
(67,648 pounds) per square inch, and the breaking strain of 
the first two specimens with punched holes as 21.15 tons 
(47,378 pounds) per square inch, a loss of 29.97 per cent is 
shown in this plate (all the five samples lieing cut out of 
one plate, as being due to the operation of punching the 
holes. 

The results of Mr. Boyd's experiments on thick plates 
seem to show, 

1. " That steel is not injured by drilling. 

2. •' That it is injured to the extent of about 33 per cent 
by punching; but, 

3. " That the nature of the material is restored entirely, 
if the plate be heated and annealed after punching and 
allowed gradually to cool out. 

In describing the effects consequent on punching holes 
in steel plates for use in boiler making and for other simi- 
lar purposes, and comparing their strength and adaptability 
with plates having drilled holes, it becomes a matter of the 
highest importance to notice the quality of the steel sub- 
mitted to each of these i)rocessos. The highly carbonized 
]»late, or one that is characterized by hardness and density 
of substance, reveals in its fracture a very fine, bright, 
granular appearance. This, when closely inspected, is 
found to contain a well arranged and well developed mass 
of particles, each of which, by the laws of cohesion and 
affinity, will closely adhere to its fellow, and being so highly 
carbonized and pure, will offer immense resistance and 
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IBWer ttll the time there is not a leading fracture in any 
Ht of the plate. But the exceediug hardness of the par- 
kI«8 prevents what is moat desirable in a pUite subjected 
p Tmried strains and litFiiI action, namely, u certain amount 
H elnsticity, combined with capability of elongation. Thus, 
Irllile the more inferior partii:les of a common plate, under 
OMvy Htrainii, have a tendency to overlap each olher and 
mtad together, the reverse is the case with the hard plate, 
fh* particles of which, refuRini; to elongate and overlap 
Kuh other, continne to hold intact their more perfect forms 
UU they suddenty part. This is evident in the proceaa of 
I)ancbing, for the preaanre of the punch and die on the 
metal dieturba and diFiarrangea the particles in the imme- 
diate locality of the hole and creates internal — though 
imperceptible — fractures. 

The writer is. of the opinion, from the results of 
experiments made on one-qnarteV and tive-sixteentha 
Bt«el boiler plates, below seventy thousand pounds, 
that the loss by punching does not afi'ect the streogtb of 
the plate sutficiently to warrant the extra trouble and 
expense of annealing, especially if the die ia somewhat 
larger than the punch, so that the hole shall be slightly 
maical. The heat fmra the hot rivet will then sufficiently 
laiioai the plate. 

Bxperiments by Mr. Boyd on chain and zigzag riveting — 
[ii order to ascertain experimentally whether there was an 
mportnnt difierence in strength between chain and zigzag 
livDling, Mr. Boyd had test specimens of each, prepared 
liniiUir to tignres 17 and 18. 
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FiouRB 18. Chain Rivbtiko. 



Both test specimens were cut from a steel boiler plate, 
eleven-sixteenths of an inch thick. The following table 
gives the particulars of the test: 



TABLE XXXIV. 

EXPERIMENTS MADE ON STEEL BOILER PLATES TO DETERMINE THK 
RELATIVE TENSILE STRENGTH OF CHAIN AND ZIGZAG 
RIVITED JOINTS, ARRANGED FROM DATA FUR- 
NISHED BY MR. BOYD. 



Width of test specimen 

Thickness of test specimen 

Thickness of side plates (one on each side), 

Length of side plate 

Rivets, diameter 

Rivets, spacing C to C across the specimen. 

Rivets, spacing C to C of rows 

Area of solid plate 

Net sectional area of plate through rivet 
holes 

Percentage of net to original area 

RESULTS. 

Total strain at which specimens broke 



STYLE OP RIVETING. 



CHAIN. 



12 inches. 

{^ inch. 

i inch. 

11} inches. 

1^ inch. 

4 inch. 

2} inches. 

8^ inches. 

6.057 inches. 
73.41 per ct. 



1 



174 tons, 
389,760 tt». 



ZIGZAG. 



12 inches. 
\i inch. 
i inch. 
10 inches. 
1^ inch. 
4 inches. 
2 inches. 
Si inches. 

6.057 inches. 
73.41 per ct. 



f 140 tons. 
1313,600 lbs. 



rUAIN ANIl ZUr/./n; RIVETISll. 



TABLE XXXIV— CosTiKUEi 



KiMnnf strength Jn the chain riveting... 
Itrlttii« strength of joint and solid plate. 

ilS6 tons (S8,240tt«.) persifuare inch, SI. 11 per ft. a.*) ^2 per i 
l!rl*tiT^ alrength of joint and solii] plate, 

•t28 tons (62,72(1 ttie.) per si) u are inch, 76 3:iper ot. fiO.fifi per ci 



I It will be observed that the chain riveted joint is 24.28 
W |«r cent stroiitrer than the zigzag riveting, which raises 
I ilii> intereating queetidn wliether it is not to be preferred, 
' eren though the area of solid plate left untouched by rivet 
holes remains the same. 

There has long been a misconception as to the 
real strength of chain riveted over single rivetud 
jriints, and an opinion has obtained in the minds of 
ntaaj engineers that n chain joint, similar to that shown 
in tignre 1H, is no stronger than the single riveted joint, as 
in tigure 14, the argument being that the maximnm strength 
of tlie seam must be that of the weakest section, and, 
hftiice. throngh the line of rivet holes; it being either denied 
or doubted that by simply extending the plate and insert- 
ing ft second row of rivets should add to the strength of 
ihe first row, nor to the strength of the joint, and that when 
a sufficient strain is brought to hear upon the joint, it would 
he quite as likely to break through ihe first row of rivet 
holes as though the second row were not there. This notion 
in r^ard to chain joints is entirely disproved by what bus 
already been shown in Mr. Boyd's experiments, and by 
rMult« taken from those of Mr. Bertram, and given in 
tabic XXXV. 
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TABLE XXXV. 

SHOWINGTHE COMPARATIVE STRENGTH OF SINGLE RIVETED AND DOUBLE 
CHAIN RIVETED JOINTS ON WROUGHT IRON BOILER PLATES OF DIF- 
FERENT THICKNESSES, EACH HAVING AN AVERAGE TENSILE 
STRENGTH OF TWENTY TONS (44,800 POUNDS) PER SQUARE INCH. FROM 
EXPERIMENTS BY MR. BERTRAM. 



V 



y 



/ N 

FlOURB 19. 




FlUUBB *iO. 



DESrRllI'lON OK JOINT. 



Entire plat**. 



Single riveted, hand, fig- 
ure 19 



Single riveted, machine, 
figure 19 

Double riveted (chain), 
Figure 2() 



NET ULTIMATE STRENGTH OP JOINT. 





[ 




AVERAUK 


.} INCH 


l^ INCH 


J INCH. 


FOR THE 


PLATES. 


tLATES. 


PLATES. 


THREE 




PER CENT. 


, 


PLATES. 


PKK CENT. 


t»ER CENT. 


PER CENT. 


100 


100 


100 


100 


40 


50 

• 


60 


50 


40 


54 


52 


49 



59 



ro 



72 



67 



We thus have an average gain by chain riveting ove 
single riveting in 



SHEARINO TESTS OP rR) 



iisi 



OQe-httlf inch plat«9 of. 19 pur cent. 

Si^vo-BixteenlUs ineli pin tee of IS per went, 

Threc-cightbs ineh plntes of. IG per cent. 

These joints were all made with tbree-qiiarter iiidi nvets, 
"Tanged iti the specimens at two-inch centers. 

Ttstirtg rioeia — The strength of a riveted joint depeudsl 
Wmuch on the strength of the riveta which enter into it,,l^ 
•iiat it is of the utmost importance to know tlie qnality of 
the inateriuls of which they are made, hefure putting any 
iTork un them. One of llie simpteeit and itt the ^anie time 
• severe test, is to upset a rivet on an anvil under a heavy 
Imouner, say to oue-lialf its original length and without 
splitting it. Tlie writer has employed this test in deter- 
niiniog Ihe c[Hality of supplies, and finds that specimena 
selected at random, and which will stand this test, have 
usually all the other qualities of a good rivet; but as the 
strain brooght upon riveta is that of shearing, tests should ] 
be made to determine the resistance to the separation of I 
ihe rivet at the line of plates composing the joints, whiih \ 
mav be either single or double ehear, Ihe former heiii 
itiilinary practice in this coun- 
try, the latter the exception. >''%^ 
Single shearing is clearly C "!' IT A 

shown in figure 21. which repre- ^ t 'III \ 

senis a rivet in a single riveted V~^ 

jciint, undergoing separation. ""' ' 

Mr. "Wm, n. Shock, chief engineer U. S. N., mude 3ome 
shearing teats of iron for stay bolts with results as given 
beiow. This quality of iron is not as high as that usually 
employed in the manufacture of rivets, but still of good , 
qtmlity. The iron was made up into bolts with nuts, instead I 
of being riveted into the testing plates, as is the usual J 
priutice. There were si.vty of these bolts in all; twelvi 
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each of the following sizes, viz : oiie-faalf, five-eighths, 
three-quarters, seven -eighth 3 and one inch diameter. These 
were forged in tlie usual manner, without any reference 
whatever to the experimental tests to be made. The fol- 
lowing table gives the results of the tests: 

TABLK XXXVi. 



si lis; i": a- 

ii li - ; - S 5 


W I' 




1 


-J 

m 

i.aiflns 

,.0826S 


c^ = £ 

IP 


M lo K' I.IWi lUllW.S j .843ft-. 


«,<M.-> 3ii.>ao 
■.m.unt: 3TI"12 
:c<.4;;i«t>.w 

4I,MIJ tilti:A 

40,n;i B.-.10G11 
40.817 M.-«n 


nnrii 


W,9«4 



Tlie tensile strength o[' rivet and stay bolt iron will 
average higher tlian what is known as the beat merchant 
iron, or that employed in the experiments of Mr. Shock. 
Many manufacturers make a special grade of iron for this 
purpose, some of which is maintained with great uniform- 
ity of quality. The tensile strength of iron or mild steel 
is uot in all cuses a correct guide as to the shearing resist- 
ance of the same piece ; the common belief is, that they 
closely approximate each other. In the experiments of 
Messrs. Grieg and Eyth to determine this, in which two 



TKNSILK AND SHKARINi; TESTS. 
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«» of te«Ia were made ou both iron und steel, one to deter- 
j mine the tensile strength and the other to deterniiue the 
I ilienring resistance of specimens taken from the same bar, 

tbtffnllowing average results were obtainetl: 



'^SuifTKB t" 



TABLE XXXVIl, 

TENSILE TESTS OF KIVET 1 



^0.307 «« I 



hreftking strain per sc<rtion 

Breakitig «lnun i>er Hijii&re incli.... 

Ridurlioii of area, |ier cent 

EldDgkliun iu 10 in, (orig. length).. 



.1 


EKL. 


lU.tKiU 


])Oim(lB. 


r4,5Tl" 


Iiounds. 


30.1 




2,0fi 


inches. 



|.'),32<J pouniU, 
49,7^5 pounds. 
42,03 
2.78 inches. 



It will he ob-terved that the teosile resistance of the 

K thirty per t-eiit liigher than the iron, 
le 
tb 
I si 



indi. 



lie shearing tests of rivet iron and eteel the diam- 
^ the bars of rivet material were five-eighths inch ; 
B sheared through being 2 >- 0.3068 = 0.til36 s([uare 



krnrageshonringHtruiri 30,4)<(i U>b. 2I>,130 lbs. 

.ring strain [>cr squnce inch.. 4',Mjh;j lbs, i'2,5K-2 lbs. 



^&*rKrage 

I^^Kbb apecinieii^ were subjected to a doable shearing 
RtShi in a simple apparatU'^, consisting merely of two 
:hree>eighth9 inch steel plates, fixed at a distance of three- 
lightha of an inch apart, so as to permit another three- 
sigbths inch Hteel plate to slip in between the first two. 
riiese three plates were then perforated by a five-eighths 
neb drill and the specimen inserted in the hole; the two 
>ut«tde [dfttcs were then pulled by the testing machine in 
>iic direction and the plate between them in the other. 
rhu» the specimens wero in double shear, two sections 
\teiiog fibeured cUau through during the process of testing. 
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When tested in this way the steel rivets showed an average 
shearing resistance of 49,683 pounds per square inch, the 
iron of 42,582 pounds. Thus the shearing resistance or 
the steel was only 17 per cent higher than that of the iron. 
This explains how it is that in the test pieces representing- 
riveted seams, given elsewhere in this chapter, that the steel 
specimens, as a rule, broke by shearing of the rivets and 
the iron by tearing the plate through the holes. It is also 
worth noting how far from the truth is the rule so fre- 
quently adopted, which assumes the tensile resistance of 
iron or steel to be about equal to the shearing resistance, at 
any rate in cases of double shear. In the present case the 
latter proved far less than the former; in the case of iron 
by 16 per cent, in the case of steel by 28 per cent, showing 
besides that the shearing resistance does not bear any lixed 
proportion to the tensile resistance. 

The shearing resistance of the bars of iron and steel 
having been concluded, Messrs. Greig and "Eyih then inves- 
tigated the shearing resistance of rivets actually formed. 
For this purpose three steel plates (three-eighths inch 
thick) were riveted together in a manner analogous to 
that ah'eady described. The rivets intended to be tested 
were so-called live-eighths inch rivets, inserted into drilled 
holes of eleven-sixteenths of an inch in diameter. It was 
thought of some interest to ascertain the eftect of different 
methods of riveting. These are given below: 



SHEARING RESISTANCE OF RIVETS. 
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TABLE XXXVIII. 

«HBARING RESISTANCE OF IRON AND STEEL RIVETS, FIVE-EIGHTHS OF 

AN INCH IN DIAMETER. 

Greig and Syth. 



MiTERIAI. OF 
RIVKT. 



METHOD OP MAKINi; 
THE RIVET. 






Iron Hand riveting 

Iron Hydraulic riveting... 

Iron Steam riveting 

Steel Hand riveting 

Steel Hydraulic riveting... 

Steel Steam riveting 



SHEARING 

STRAIN OF 

SPECIMEN. 



FOUNDS 

33,488 

34,552 

I 

35,862 J 
42.392 ] 

43,288 
45,690 . 



AVERAGE. 



POITNDS. 



34,630 



I AVERAGE 
I SHEARING 

STRAIN PER 
'SQUARE INCH 



POUNDS. 



43,646 



46.646 



58,790 



Holes drilled eleren-aixtecnths of an inch in diameter. The actual .xection sheared 
thr(»ugh, two circles of eleven-sixteenths of an inch in diameter, (»r 0.7424 wjuare inch. 

The shearing resistance of these six rivets, as will be 
seen, showed a considerable increase over that of the sim- 
ple bar not yet formed into a rivet, which is due partly to 
the increased sectional area of the material, which now fills 
an eleven-sixteenths inch hole, and partly to the friction 
between the plates held together by the rivets. It should 
be noted, however, that this increase is much greater in the 
case of steel than of iron. 

The following table gives the results of experiments 
made on twelve specimen rivets (steel), having a nominal 
diameter of five-eighths of an inch, the actual section 
sheared through being two circles of eleven-sixteenths 
of an inch in diameter, or 0.7424 square inch. This series 
of teste were undertaken because of the striking regularity 
with which the experiments recorded in table XXXVIII 
showed as to the relative strength of hand, hydraulic and 
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steam riveting, both in iron and steel. Four difterent 
machines were employed, in wliich the pressures on the 
rivet heads were as follows : 

Steam riveter 82.380 lbs. 

Tweddell's stationary machine 86,360 lbs. 

Tweddell's portable machine 42,018 lbs. 

McColI's power riveter, light blow 69,384 lbs. 

McCoU's power riveter, heavy blow 115,640 lbs. 

It was considered most likely that the pressure which 
is brought to bear on the rivet head whilst forming, must 
have a considerable influence on the quality of the rivet ; 
hence these tests. 



TABLE XXXIX. 

KIVET TESTS. 

All rivets of st«*el. Diiimi'tor of rivot stcrl, ^ inch ; «iittnielfr of hole, }^ inch. 
Section sheared, two circles of j-^^ inch diameter, - - 0.7424 t»(|uare inch. 
Shearing strength cif the original st<H»l bar, 4U,68.'i poundM fK-r ^^]uare inch, or SGjJvh.'V 
pound.s for 7424 per Miuure inch. 

Tensile strength of steel, 64.579 |>ound.K iwr square inch. 
Each figure of the table represents the average result of three »i>eclnien.«*. 

Qreig and Eyth. 



METHOD OF MAKING THE MIVKT. 



Pressure ou rivet head , 

Breaking strain of sample 

Shearing strain of steel in sample 

Frictional resistance of sample 

Frictional resistance between two surfaces. 



I 


II 


STEAM. 


HYD. 


LBS. 


LHS 


82,380 


86,360 


42,717 


39,491 


:i6,885 


36.885 


5,s:»2 


2,60<'> 


2,916 


1,303 



III 

HYD. 

LBS. 

42,018 

37,811 



IV 



POWER j POWER 



LBS. I LBS. 
69,384 115,640 



37,341 



36,885 ; 36,88.'. 



926 
463 



4r>6 

228 



39,424 

.36,H,s.'» 

2,r»3» 

1.269 



In regard to results obtained, taking columns I, II and 
V of the above table into account, because columns III and 
IV refer to rivets closed under exceptionally low pressure, 
the* average breaking strain of the samples riveted by 



steam, hyilraiiUc or power preaaure amounted to 40,544 
ptriitids. whilst the mere ahearing reaiatance was 36,885 
poDUfid. The average frictioiial resistance, therefore, is 
■!,6o9 pounda. Tims it appears tliat on an average the 
shearing resistance of a tive-eightha steel rivet is made np 
of 91 per cent of direct resistance to shearing and 9 per 
rent of frictionai resistance. Tliis, of course, assumes that 
ilie direct sbeariDg resistance is the Haine after the material 
lias been made into a rivet, as hefore. 



Sletl rivets have been but little used and have never 
been in favor until quite re»'ently. The same faults existed 
in rivets which were found in the earlier steel plates, viz : 
high tensile strength and low ductility; to this must also 
be added improper working in the boiler shop. From tlie 
resnlta of recent pnvctice there is reason to believe that 
ruiM steel possesses every requisite for a good rivet. The 
tensile strength ahould not be nnicb above 5S,000 pounds 
per square inch and should be tough enough to rivet cold. 
In neing steel rivets in the boiler shop they should be 
niiiformly heated throughout, and not the points merely, 
as is the ordinary method of heating iron rivets; neither 
iboQld they be heated as highly as iron rivets and should 
Mver exceed a bright cherry red. Particular attention 
niUBt be given to the thickness of the Hre ; steel, of what- 
ever kind, should never he heated in a thin tire, especially 
■a one having a force blast, such as an ordinary blacksmith 
ur riveting tire. The reason for this is, that more air pusses 
lliriuigh the fire than that needed for combustion, and in 
conseijuence there is a considerable quantity of free oxy- 
jreii in the fire which will oxidize the steel, or in other 
words, burn it. It e.\cluded from this free oxygen steel 
can not be burned; if the temperature is high enough it 
Hill be melted and will run down through the lire, but 
hnroing is impossible in a (hick lire with a moderate draft. 
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This is an important matter in using steel rivets and 
should not be overlooked; the same principle applies to 
the heating of steel plates for flanging. 

Tables XL and XLI give the results of mechanical 
tests made on American rivet steel. The first table gives 
results by means of a Thurston torsional machine, the 
latter on one bv Riehle Brothers. 



TABLE XL. 

TORSIONAL TESTS OF BESSEMER RIVET STEEL MADE BY THE EDGAR 

THOMPSON STEEL WORKS. 

(SpeeimeM Jive-elghtha inch diameter, one inch long between thoulders). 



Angle <»f torshm 

Moment of torsion 

Tensile strength at elastic limit 

Ultimate tensile strength 

Per cent of elongation (torsional)... 
Carbon in the specimens 



1 

351° 

281 ft. -lbs. 
35,998 lbs. 
ri6,0i:j lbs. 

116 

0.11 iMTcent. 



2 



42.10 

291 ft.-lbs. 
37,886 lbs. 
43,500 lbs. 

l.'iO 
0.14 |>ereent. 



3 



3.37° 

298 ft.-tbs. 
37,883 lbs. 
56,004 lbs. 

1(»9 

0.15 percent. 



Samples of the 0.11 and 0.14 per cent rivet steel, turned 
to one-half inch diameter and three inches between 
shoulders, were tested by Mr. Borntraeger on a Rieble 
Brothers' testing machine, with results as below: 



TABLE XLL 

TENSILE TESTS OF BESSEMER RIVET STEEL MADE BY THE EDGAR 

THOMPSON STEEL WORKS. 



SAMPLES. 



Tarboii in sani]>los ... 
Lfiigtli of .samples... 
Diameter of .samples 
Area of sanij)le 



0.11 pr. ct. 
3 inches. 
I inch. 
.1963 inch. 



0.14 pr. ct 

3 inches. 

^ inch. 

.1963 inch. 



8IN0LE RIVETED LAP JOINTS. 
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SAMPLES. 



Elastic limit of sample 

Elastic limit per square inch 



8.2()0 Hh. 
41.772 n»8. 



Weight at which sample broke ' 1 2,500 Wtn 



Tensile strength per square inch. 

Elongation 

Elongation, per cent 

I>iameter of reduced section 

Area of reduced section 

Percentage of original area 

Percentage of reduction 



63,r»78 1»»8. 
J in '^ inches. 
2^ 



.096 
49 



inch, 
inch. 



7.500 
38,206 
1 1 ,750 
59.850 



n»s. 

ll)S. 

Il>s. 

11)S. 



H in 3 inclies. 

28 



.33 
.086 

43.6 

56.4 



inch, 
inch. 






Single riveted lap joints— Th\8 is the simplest form of 
a riveted joint and is used almost exclusively in riveted 
seams in boiler shells when of forty inches or less in 
diameter. Some manufacturers begin double riveting at 
thirty-six inches, but this is the exception rather than the 
rule. The single rivited joint, though easily made, is at 
best but about one-half the tensile! 



I 




strength of the solid plate. Among 
the defects of construction may be 
mentioned the liability of tearing 
the plate through the line of rivet fiouric22. 

holes, as shown in figure 22. This is liable to occur in 
any case where the rivet holes are punched too close 
together, thus reducing the strength of the plate below 
the shearing strength of the rivets. This is a fault which 
one may be easily led into and is perhaps the commonest 
4lefect in boiler construction. 
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FlCURK 23. 



Another cause of failure, though ' 
not nearly so common as the formei*''^ 
is that of punching the holes toc^ 
near the edge of the plate. When 
the distance from the edge of the 
rivet is too near the edge of the 
plate the latter is likely to give way in front of the rivet, 
as in figure 23. This defect is easily remedied by simply 
allowing a wider margin; and in consequence may be 
easily overdone, for if the edge of the plate be too far from 
the joint it makes calking the joint steam tight a much 
more difficult matter, owing to the spring or elasticity of 
the plate. On the other hand, if the rivet holes have 
their centers too far apart and the distance from the edge 
of the hole to the edge of the plate be such that the plate 
can not yield, as in figures 22 and 

23, then there is a possibility of ^ 
shearing ofl:* the rivets, as in figure ^ 

24. This is likely to occur when 
the rivets are too small in diam- 
eter for the thickness of the plate. 

The ultimate strength of a plate depends upon its area 
of cross section : and the loss of area caused by punching 
the holes for the insertion of the rivet, reduces the strength 
of the plate simply in that amount. With rivets, however, 
the case in quite dissimilar, for the strength of the rivet 
increases as the square of its diameter. In the former case 
the strength of the plate consists merely in that of the net 
area through the line of rivet holes; in the latter the resis- 
tance to shearing increases with the increased area of 
the rivet. Other things being equal, that is the best joint 
in which the strength of the plate and the resistance of the 
rivet to shearing are equal to each other. Hundreds of 
tests have been made to determine by direct experiment 
the best proportions for single riveted joints. 
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Tije difterences in quality of bniler plate aTid riveta, 
ttigeiher with tlie great uncertainty ae to tlie exact effect 
"f punohiiig iron [>lfttea, have, so tar, prevented anything 
'ilte the (letermiiiing either by calculation or experiment 
o{ what miglit be aocepted as the exact, or better, perhaps, 
'Ic best proportions for riveted joints. The writer has 
examined many formulas iind finds that in moat cases they 
ire snit«d only to the one or two thickncsseB of plates for 
wbich they were evidently intended, beini; usually three- 
eighths and seven-sixteenths inch, and have the appear- 
Mice of having been worked out for the seams in Cornish 
«r other large diameter internally fired boilers. 

The thinner plates, one-fourth inch, for example, in 
Engliah tables of proportions for riveted joints, give one- 
half incli as the proper diameter of rivets. This is not in 
iM^conlaQCG with American practice: five-eigbths inch 
riveta in one-fourth inch plates being almost universal. 
The spacing of rivets is also greater in this country thiiu 
in England. 

The following tables were compiled by the writer for 
his own H«e, partly from theoretical deductions, partly from 
tests made on riveted joints, and also by a comparison of 
tIteM) with the practice of successful and intelligent manu- 
factorer^. It will be observed that the dimensions are 
empb-icHl. yot they have served a good purpose and on the 
whole are (juite reliable. This matter of spacing rivets is, 
at best, approximate only, and may be changed within 
narrow limits; it often happens that spacing will not come 
oat even, and in Huch cases, whether the centers shall be 
tacre«Med or decreased, rests entirely upon the judgment of 
the designer, In general, it has been the practice of the 
writer to use the proportions in the table, and when spaces 
aMiar at the end to put in the extra rivet instead of throw- 
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TABLE XUI. 

SHOWING DIAMETER AND SPACING OF RIVETS IN SINGLE RIVETED 

LAP JOINTS. 
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2J 
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i inch. 
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2i 


lA 


2i 


\i inch. 


1 


3 


lA 


21 


*f inch. 


H 


3} 


H 


3 

1 



Double riveting — Boilers ought to be double riveted, if 
for no other reason, simply as a matter of economy, for 
the strength of the single riveted joint, which is only 
about one-half the strength of the solid plate, is increased 
by about twenty per cent by double riveting, without any 
such corresponding increase in cost. 

The strength of a joint depends largely upon the 
strength of the rivets, and these must be so disposed in the 
joint as to utilize the strength of a larger number than 
can be used in single riveting, and at the same time 
increase the net sectional area of the plate in the line of 
punched holes in the joint. The writer doesnot think it 
a good plan to change the diameters of rivets in fixing 
upon single or double riveted joints. The two tables 
therefore contain the same diameters of rivets for the 
same thickness of plates. 



DOUBLE RIVETED LAP JOINTS. 
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TABLE XLIII. 

INO DIAMETER AND SPACING OF HI VETS IN DOUBLE RIVETED LAP 

JOINTS. 




Figure 25. 
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The diBtance F U approximate only, column. G being the exact distance. 

CcUking — In boiler making calking is a process of 
^setting the overlapping edges of plates by means of a 
ol called a calking chisel. A full size representation of 
e calking end is given in figure 25 and marked ''old 
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style calking." When two rough boiler plates are riveted 
together they are not steam tight; the object of calking is 
to "upset" the edge of the overlapping plate and drive it 
firmly down upon the one underneath. This operation 
does not, of course, alter the character of the joint; it sim- 
ply forces the edge of the outside plate down firmly upon 
the lower one and thus a joint at first approximately tight 
is rendered altogether so by this simple operation. 

The edges of plates ought always to be planed or 
sheared to the proper bevel for calking before riveting 
together. The angle of plates best suited for calking is 
about 20° less than a right angle. The practice of chip- 
ping seams after riveting is altogether wrong, as it 
endangers the strength of the plate underneath by the 
frequent and inevitable markings caused by the slipping of 
the chisel in the hands of the chipper. The markings are 
ruinous to the plates containing them, and are, no doubt, a 
frequent cause of disaster. Aside from the injury done 
the plates b}' careless chipping, the operation of calking 
by means of a sharp edge, even though it approximate a 
right angle, is also destructive to the lower plate, by form- 
ing a slight indentation the whole length of the seam so 
operated upon. An improved form of calking, patented 
by Mr. James W. Connery, Philadelphia, Pa., is shown in 
figure 26, and named by him "concave" calking, after the 
appearance of the finished joint. 

The object of concave calking is to bring together the 
seams of a boiler after riveting, in such a manner that they 
shall be perfectly steam tight and at the same time not in 
any manner injure the under sheet. This is eflfectually 
accomplished by the use of a tool with a semi-cylindrical 
end, producing a concave depression in the bevelled edge 
of the lap; slightly dividing the plate calked and driving 
the divided part towards the rivets, forming a bearing from 
one-hajf to three-quarters of an inch, thereby forming a 



irupur JQOcti'Ui of tlit two surfaces ami intTOiisiiig tlie 
trengtli of the joint, without in iiny maimer ininriiiEr ilie 
narfkce of the tinder |ilate. 

.The accinnpaiiyiii.ir cut illiifilnilos llio difference between 
1 ami tlie new sv^tenis. . 




The old [iluii is to chiiJ or jilane tlie edjfe of the uvei"- 
Inpping sheet, leaving a solid angle to it of ahont 80°, and 
thru to drive np, hy ineaii9 of u hammer iipuu the tool 
ahnwn iit the right, the umler fai-e of the tool resting upon 
the tiiidcr ^hcet, until the un^le of the metal of the upper 
dheCt liiLit assumed i^omething near the form there shown. 
With a tool of tliis form it is impossible to thoroughly 
u[isct or valk the iimtul of tlie upper plate without a more 
or le** injury or sooriug of the under plate: and this will 
not he thu only injury done the under sheet, for it is well 
known thul in all processes of hammering, rolling and 
otherwiBB wmipressiug irou.it hecomes harder and more 
denac, and ae thore ie nothing in the procen^ of ciilkin 
with tbis tool which makeH any change in the material i 
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the under plate, it follows that after iudentatious and chan- 
nelings are made in the under plate by the calking tool, 
the extreme edge of the upper plate, while being hardened 
and compressedj will be imbedded in the under plate, thus 
aggravating the injury done with the tool. These effects 
are plainly shown in plates which are cut apart after the 
most careful calking, and is well illustrated in the figure as 
giving to the plate that starting point of fracture with 
which all mechanics in metal are familiar. With Connery's 
improvement a concave depression is produced in the bev- 
elled edge of the lap, the crown of the tool being entered 
in the edge of the plate at such a distance from the under 
plate as will leave, when finished, a considerable thickness 
of metal between the concave groove and the lower plate; 
the surface of the compressed and hardened metal, driven 
down upon the lower plate, will be too large to cause any 
appreciable disturbance of the surface of the under plate, 
while the tool can, under no circumstance, injure or mar 
the lower plate in any way. 

It will he readily seen, too, that this form of tool, com- 
mencing as it does on a small surface for indentation of the 
edge, must result in carrying the compression or condensa- 
tion of the iron of the lap to a much greater depth than 
is possible with the old method, thus tending to bring 
about a permanent strain upon the iron through the line 
of rivets in a much less degree. This is indicated on the 
left of the cut by the deep wedge of dark shading running 
nearly into the rivets. 

Many of our first class establishments have adopted this 
method of calking, among which is the Baldwin Loco- 
motive Works of Philadelphia, who have been using this 
improvement exclusively for several years upon their hun- 
dreds of locomotives and indorse it in the highest degree. 

The writer is so fully impressed with the value of this 
invention that he does not hesitate to recommend it in all 
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CM6B as being superior to any other method of ciilking uf 
which he has any knowledge; sut-h a thing us grooving op 
iqjuring the lower plate by calking being prat-tically 
impossible, and whieh gives this invention its cliief value. 
The following tests were made at the Washington Navy 
Tard: "Five plates of ditierent thicknesses were riveted 
together and the four seams on one side were calked by the 
CoDDcry process, and those on the opposite side (by difter- 
flnt boiler makers employed in the yard) by the ordinary 
process. Upon cutting the sheets apart, in every case, it 
was found that the hearing surfaces of the sheets were 
aboQt double that of the seams calked by the ordinary 
method, and that there was no injury done to the under 
flbeeta, whereas the under sheets of the seams calked in the 
ordiuary way were slightly indented in some cases, and in 
others were channeled or grooved about one-thirty-Hceond 
of an inch in depth, depending upon the skill and euro of 
the workmen employed. Several seams were also calked 
by the above process on an experimental cylinder which 
was subsequently tested to its coJIapBing pressure of one 
hundred and thirty-four pounds per square inch, without 
the slightest leak, whereas a number of leaks made their 
appearance in seams c^itked by the ordinary process." 

Locomotive boilers tested by hydraulic pressore to 
more than three handred pounds per square inch, and 
tfterwarda used with a steam pressure of one hundred and 
fifty pounds, showed no leakage at seams with this calking. 
No joints in a boiler are more difficult to get tight 
than those which are single riveted. This is due to a par- 
tial distortion of the joint, caused by the shell of the boiler 
Uiaming a more perfect cyliDdrical form when pressure U 
ftpplied than that given it id the boiler shop dtuiag the 
process of manufactare. 

Figure 27 shows, by means of the dotted lines, the 
canred sur&oe of the cylindric part of the efaell, and the 
(10) 
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full lined the actaal position of the joiat; and it is joat 
here that the mischievous effects of the grooving caused 
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by chipping and sharp calking become fully apparent, and 
which is shown in an exaggerated degree in figure 26, by 
the breaking of the plate. 



CHAPTER VII 



WELDING. FLANGING AND INFLUENCE OF TEMPERATURE. 

Welding Boiler Plates — Advantages Claimed — Objections to Welding 
Externally Fired Boiler Shells — Practical Difficulties in Welding 
Long Seams — Strength of Welded Joints — Welded Rings for 
Boilers — Flanging — Influence of Temperature on Boiler Plates — 
Mr. Isherwood on the Franklin Institute Experiments of 1837. 

Welding boiler plate joints — Very little attention has been 
given in this country to the production of welded boiler 
plate joints. The few experiments that have been made 
have been so crudely done that no intelligent opinion can 
be formed as to the relative costs of welded and riveted 
work. In England welded joints have been in use for sev- 
eral years and for some purposes is steadily growing in 
favor, though it is not practiced in boiler construction to 
any great extent as yet. 

The advantages claimed for this form of joint over the 
ordinary riveted joint are, 

1. That the welding approximates more olflarly the 
original strength of the plates than the best forms of riv- 
eted joints can possibly do, besides heing entirely free from 
the bad effects of punching and loss of strength occasioned 
by drifting, as well as the injury done the plates by cold 
hammering. 

2. The welded joint needs no calking, and thus, next 
to drifting, one of the greatest evils through bad workman- 
ship in boiler construction is rid of entirely. 

3. By welding the rings in the shell of a boiler they 
may be re-rolled after the work is done on them, and thus 
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a perfectly cylindrical shell can be produced, a thing 
impossible in the ordinary lap joints. 

If an entire shell could be welded, it would remove at 
once the objectionable two thicknesses of plate in the fire 
and the trouble incident to the accumulation of deposit 
which is likely to form around the joints and rivet heads; 
and, further, there being no jointed seam, entirely precludes 
such a thing as corrosion caused by leakage at the lap of 
the plates or around loose or imperfectly fitted rivets. 

Whether a welded joint is to be preferred over a riv- 
eted one, will depend upon circumstances. In an inter- 
nally fired boiler it is important that the main flue should 
be truly cylindrical, as the resistance to collapse depends 
largely upon this. The best makers usually employ in its 
construction a butt riveted joint with the seam underneath. 
The objections to this are, that it is impossible to perfectly 
calk such a seam when once in place; and then the seam 
of rivets along the bottom of the flue will prevent the 
ready removal of ashes and dust which accumulates along 
its whole length. Should there be a leaky joint, a thing 
we may almost certainly count on, there will in time be 
quite an accumulation of hard baked ashes and cinders 
the whole length of the flue. In case the fuel used con- 
tained sulphur, there would be more or less of sulphurous 
oxide mixed up with the ashes or deposited along the sides 
or bottom of the boiler flue, and which, if once wet or 
dampened, will attack the flue by external corrosion and 
seriously impair its strength. In such a case a welded and 
perfectly tight flue would possess a marked advantage over 
the other, to say nothing of that gained by the truly cylin- 
drical form; this advantage, it should be understood, refers 
to the facility and certainty in cleaning and freedom from 
leaks, and not that the corrosive action would be less under 
the same conditions. 
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Tn aucli a flue, as juat described, the pressure tends t 
coUap&e and thus to tighteu the weld. An imperfeet weldg 
might, in such a flue, escape detection for a long time, biiCl 
which would soon make itself apparent in aay case wheit 
mlerual preesnres were employed. 

In externally tired boilers, the main advantage of welded' 
warns over riveted ones appear to be the getting rid of all 
tii6 double thicknegses of plates in the fire. This is at all 
8 a desirable thing to do. In boilefs of this type, the 
SllDB arc from within, outward, and the safety of the shell 

tends entirely upon the tensile strength and ductility of 
Qie plates and the soundness of the weld. The strength f 
of a riveted joint is known to within u very small percent-fl 
«ge of tlie weight required to tear it apart. For weldeiT 
joints, unfortunately, no such exact data exists, and from] 
lli« Tiftture of the joint it is exceedingly diflicult to a 
It anything even approximating its actual strength; noti 
that e.'ipcrimental tests are wanting, nor that euflicient 
time has been denied the subject in order to inake the 
fallest iuvestigatiou in regard to the eflect upon the plates 
joined hy welding, the weld itself, or the proper mechanical 
manipulation of the plates in the tire. We have all this, 
and it only goes to show what the possibilities are, but , 
gives no data as to probabilities in actual practice, on a.| 
large scale, with even good facilities and skilled workmen. 1 

The welding of two plates in a well made open fire ia ' 
sLtonded with greater risks than the welding of two bars 
of iron. The reasons for this are ([uite obvious. In the 
case of the bars, their ends are in the center of the tire and 
entirely shut off from the injurious effects of free oxygen, 
if the fire is properly made. When a thick fire is buill 
upon iho tweor, the air passing up through it gives up its 
oxygen to the highly heated carbon, and carbonic acid gas 
U foroieil M the result of this union, and in passing up still 
farther Uirougb ihis bed of burning coal, the carbon in th» J 
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upper portion of the tire may take up a portion of the 
oxygen in the carbonic acid gas, and carbonic oxide gas \» 
formed. Neither of these gases has an injurious effect 
upon iron so far as welding is concerned, and in the case of 
the two bars referred to above, they are in this highly 
heated chamber of gases formed by the sides and cover of 
the fire, and may be readily brought to a welding heat 
without any fear of oxidation, for there is no excess of 
oxygen in the fire to come in contact with the iron. 

In the case of the plates it is somewhat diflferent, for 
the fire being hottest in the center and of lower tempera- 
ture toward the edges, it is not possible to confine the 
plates to a chamber of heated gases from which oxygen iB 
excluded, for no such chamber exists, and can not, from 
the nature of the case. Further, every movement of the 
plates brings the more or less highly heated portions in 
contact with the air, when oxidation instantly occurs, form- 
ing an oxide of iron or hard cinder which prevents welding- 
There is at the same time a partial loss of iron, but this is 
not of so much account as the bad eftects resulting from 
the presence of the cinder in the weld. 

It is not practicable to heat any considerable length of 
plate in an ordinary forge or flanging fire at one time, and 
as the oxidation referred to is sure to occur in a greater or 
less degree, the surfaces must be protected from oxidation 
by means of a flux. The one generally used is sand ; this 
is composed of silicon and oxygen. The action of the flux 
may be said to be two-fold : first, in forming a vitreous 
coating over the iron, and second, in reducing the temper- 
ature of the parts to which it is applied, and arises from 
the circumstance that iron ia usually "scarfed" at the place 
where it is to be welded ; we thus have a thick and a 
thinner portion of the same plate exposed to the action of 
the heat, the thinner portion of the plate being nearest the 
center of the fire, and arrives at a welding heat long before 
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I thicker portiou of the plate attains a similar heat. Ij 
iction of the hent was not checked, this thinner edge' 
I be burned away lonjtr before the plate was brought 
9 weldiug point.. In order to prevent this the sand or 
r flax is used, and in coming in contact with the highly- 
Tlwiterl iroD it is melted and absorbs bo much heat from thi 
1 that it gives the latter a vitreoue coating. This sili- 
e combines with the iron and covers that portion of it 
I is of safBciently high temperature to molt the sand, 
silicate being of a very refractory nature, will last; 
me time in the fire before it burns off the iron, and in 
tbig manner serves to protect the thinner parts of the iron, 
while the thicker portion ia absorbing the heat and arriv- 
ing at a welding condition. 

In using sand as a flux, care must be exercised that iV 
be kept, or afterward cleaned off, the inside of the joint' 
where the two scarfed edges of the plate are to be welded, 
fts it« presence in the weld prevents perfect contact, and 
tbos weakens the joint. For small work, borax is the flux 
generally employed in the forge for welding. It prevents 
oxidation in the same manner as already described for 
•ftnd. 

There are many ways of making a welded joint and 
they will vary anywhere from good to bad in strength and 
soaDdiies.<i. Scarf welding is on the whole to be preferred 
to eimply lapping the plates and then welding. In scarf- 
ing, the edges of the plates should be upset and then 
liDed down, not exactly to a sharp edge, but say on e- 
Mnth of an inch, or perhaps less. The exact thickness 
f coarse no material part of the process of making a 
1 joiDt; neither is the thinning of ao much importance 
I upsetting of the edge of the plate to a thickness 
tor tbau tliat of the plate itself, the object being that 

t tlie weld is made it may then bo finislied down witb 

suitable "flatters" to the regular thickness. 
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In the manufacture of welded boilers as a business, it 
would be necessary to construct a special heating appa- 
ratus, which would probably consist of an external and an 
internal gas furnace, operating on the principle of the 
blow pipe, in which the flame of the burning gas would be 
directed against such portions of the joint as needed the 
greater heat. Such an apparatus could be made in which 
no free oxygen could reach the heated plates, and thus 
welds could be made without the use of a flux of any 
kind. The plates could be heated the whole length at one 
time and when brought to the proper heat could be welded 
by pi-essure instead of by hammering. 

What the future may bring forth, it is impossible even 
to conjecture, but at present welded boiler plate joints, 
especially when intended for externally fired boilers, are 
untrustworthy and are almost sure to contain imperfec- 
tions in the weld which the usual hydraulic test fails to 
indicate, but which will reveal themselves sooner or later 
in the expansion and contraction incident to heating and 
cooling in actual service. 
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In Mr. Bertram's experiments on welded joints the 
lap welded test pieces, figure 30, were inferior in strength 
to those scarf welded, figure 29. 
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The specimens tested were four inches wide by three- 
oighths, seven-sixteenths and one-lialf inch in thickness. 
The lap of the joint was one and a quarter inches. 

The results were as follows : 



'1^ 



rABLE XLIV. 



Strength of entire plate, per cent 

Strength of scarf welded joint, fig. 21), 
Strength of lap welded joint, fig. 80. 
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From the above data it appears that the strength of 
joints united by lap welding are scarcely better than single 
riveting, or about forty per cent weaker than the plates 
which compose the joint. Scarf welding, on the contrary, 
equaled the strength of the plate. No doubt the shape of 
the joint under severe stress had much to do with the low- 
ering of its strength in consequence of the indirect pull. 

In regard to the welding of steel boiler plates Mr. 
Daniel Adamson says: 

"After many trials and many failures in attempt- 
ing to weld steel boiler plates, the writer found it 
necessary to ascertain in all cases the composition 
of the metal before putting any labor on it, and from a 
large experience it is now considered desirable that tho 
carbon should not exceed one-eighth of a per cent, while 
the sulphur and phosphorus should, if possible, be kept as 
low as .04 per cent, silicon being admissable up to the 
extent of i^^ of 1 per cent. Further experience is yet 
reqaired to ascertain what exact composition gives the 
moat satisfactory results by welding. At present some 
preference may be said to be given to the Martin-Siemens 
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class as compared with Bessemer metal, when both are of 
about the same chemical composition." 

Weldless rings for boilers — Several years ago (1865?) Mr. 
Ramsbottom designed a machine to work annular ingots 
of Bessemer steel, or other metal, into cylinders of such 
length and thinness that they may be put between rollers 
and rolled round and round and reduced to the thinness 
required to make boilers. The machine consisted of a 
mandrel, on which the hoop or annular ingot was placed. 
On each side of the mandrel was placed a roller, the sur- 
faces of the roller and mandrel being grooved diagonally in 
opposite directions, thus leaving diamond shaped projec- 
tions on them. The rollers were intended to be driven by 
steam or other power, and were pressed against the hoop 
or ingot, which is enlarged in diameter and expanded 
lengthwise by the pressure and the lateral action of the 
projections on the rollers and mandrel. When the hoop 
or ingot has been thus partially expanded it was then to 
be put on another mandrel of larger diameter and again 
acted upon by the rollers; or it might be put on a revolv- 
ing mandrel and thus expanded both in length and 
. diameter by a roller which is traversed to and fro in the 
direction of the axis of the hoop. In this arrangement 
the hoop and traversing roller must be pressed together. 

It has also been proposed and in a measure carried 
out, to forge the annular ingots by means of a steam or 
power hammer into the cylindrical sections of a boiler 
ready to rivet into a continuous shell. 

From the present outlook it does not appear that either 
of these methods are likely to supersede the making up of 
Hat sheets into shells and large flues, because of the 
increased cost of manufjxcture of the cylindrical weldless 
hoops over that of flat iron rolled, and then riveted or 
welded. 
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Flanging — The exterior flanging of a boiler head i 
Btnall flue holea is about as severe a test as plate iron gen- , 
eralljr receives in the process of boiler construction. Bj-J 
far the greater number of beads used in this countrj are! 
faanil flanged; there are very few boiler making establish- 1 
menta having enougb Hanging to do to warrant theV 
erection of suitable furnaces and macliines. Tbe few I 
nuchini^s which arc in use, however, attest the superiority I 
of machine over haitd Hanging. In the tirst place tbel 
lieads are perfectly round, an important matter of detail i 
in boiler construction ; iu tbe next place the flange is 
tiimed perfectly true and at right angles to the face of the 
lieftd. In band flanging it is almost impossible to secure 
fttther or both of these in the same plate. Tbe heating is 
doue in the ordinary forge fire and liable to all tbe objec- 
tions of overheating one portion of tbe plate while other 
portions are not of sufficiently high temperature to ins 
tbe best working. 

lu flanging an iron or steel plate, it should be done with 
wooden mauls, bending the plate over a cast iron former. 
The blows should be light and distributed over as large a 
Bor&ice afi possible, avoiding anything like short bends 
turning the flange. The heating, when done in an ordin- 
ary flange fire, must of necessity be local, and, hence, will 
require the greater care in working. As the flanging 
approaches completion by successive stages of heating and 
hammering, care must be exercised that the plate, if ( 
steel, is not ruined by cracking or splitting, which may be 
induced by internal strains. To avoid this in subsequent 
working or handling, it should be immediately annealed 
^beating the whole plate gradually aud evenly, until 
ght to a low rud lieiit, aud then allowing it to cool 
y, not disturbing it until entirely cold. 
) writer has used a considerable number of heads, 
^d, by Phillips, Nimick & Co., and aside fi 
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the superior quality of "Sligo" iron, these heads seem to 
possess an advantage over the best hand flanged work by 
the strengthening of the plate in the curve, as shown in 
the annexed engravings. 

Figure 81 represents the thinning of the curve occa- 
sioned by the stretching of the plate over the cast iron 
former in hand flanging, the dotted line representing the 
normal curve and the middle line the 
actual thickness of metal. Figure 32 
is a representation of the thickening 
of the curve, taken from machine 
flanged heads, made on the machine 
used by the above named firm. The 

Fio 31 

normal curve, it will be noticed, falls 

considerably within the actual line of the metal. The 

advantages gained by the strengthening of the head at that 

particular point are quite obvious, and are not likely to be 

underestimated. 

Figure 33 is an engraving made from a photograph 
taken from a* boiler head, and is, all things considered, 
one of the best specimens of machine flanging the writer 
has yet seen. The dimensions of the head are as follows 

Diameter outside, 72 inches. Diameter large flue, 40 inches. 
Diameter 2 holes, 12 inches. Diameter 2 holes, 8 inches. 
Diameter 6 holes, 6 inches. Diameter 1 hole, 5 inches. 

The influence of temperature on boiler plates — The influ- 
<3nce of different temperatures on the strength of iron or 
steel is a question of great importance in engineering con- 
struction, and probably nowhere more so than in steam 
boilers. It is supposed that the effect of repeated changes 
in the temperature of iron plates brings about certain 
molecular changes, which destroys the cohesion of the iron 
in the same manner that it would be destroyed by the con- 
tinued vibrations of a plate caused by any external force. 
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It is well known that the continued reheatingand cool- 
ing of iron will shortly render it entirely worthless, if it 
upproach a red heat. Plates cUt out of that portion of 
oIJ boilers euhjected to the action of the tire are almost 
invariably hard and brittle, and will seldom show one- 
fourth of its original ductility, together with a marked 
decrease in tensile strength. This can be referred to no 




other cause than that produced by molecular changea 
luODgbt about by the long contiiiued action of the fire. 

Wrought iron is apt to blister or crack in overheating 
ind changes its structure from fibrous to coarse granular, 
losing in tensile strength and ductility and becomes more 
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brittle. The loss in tensile strength in overheated iron 
plates has doubtless been a cause of many boiler explo- 
sions and can only be explained by the possibility that the 
continued variation and differences of temperature of the 
outer and inner surfaces of the plate have diminished 
the cohesion of the fibers or laminse composing it. 
If this is true of fibrous iron, what would be the effect 
of the temperature on granular iron? Sir William Fair- 
bairn ascertained, in his experiments, that on the whole 
cast iron of average quality loses strength when heated 
beyond a mean temperature- of one hundred and twenty 
degrees, and that it becomes insecure at the freezing point 
or under thirty- two degrees Fahrenheit. Cast iron yields 
to the fire sooner than wrought iron ; it loses a consider- 
able percentage of strength at about two hundred degrees, 
and when red hot will scarcely sustain its own weight. 
The effect of variations of temperature on mild steel has 
not been so closely observed as that on wrought iron, and 
while we have any reason to believe that molecular changes 
are undergone in the material in consequence of repeated 
heating and cooling, it docs not appear that the strength 
is diminished in any considerable amount when the plates 
are used in steam boilers. In case the boiler should become 
short of water, or in event of plates being overheated in 
such portions of the boiler as are not protected by the 
water, then the effect of excessive and continued over- 
heating is to render the plates coarse granular, losing in 
tensile strength and toughness. 

Wrought iron will the better withstand the effects ot 
repeated heating and cooling in proportion as it is free 
from cinder; hence, a fine granular and homogeneous iron 
will resist the bad effects of reheating better and longer 
than a course fibrous iron, because the latter is made 
fibrous by containing in its composition more or less cinder, 
which, owing to the lower temperature of the finishing 
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beats, waa prevented I'rom escaping. As a result, it cnn I 
never e^ual in strength sm J ductility tlie granular iron, nnd'l 
ia apt, with even a moderate degree of overheating, tal 
become extremely hrittle: and it ib for this reason that it a 
^onUl never be used for the fire sheets ol' boilere. I 

Hosting to redness and alow cooling — or in other words, | 
annealing — has an effect on steel in which it is rendered! 
more ductile than before, but at a reduction of its tensile! 
strength ; such a plate once annealed does not apparently V 
change by reheating, unless the temperature is higher thanil 
UiBt to which it was first br»ught. By this it is not to heM 
anderstood that no molecular changes are going on in thel 
metal because of the lower temperature, but rather that I 
llie destructive changes in steel plates are less ia I 
degree ihan in iron plates if there is no sudden cooling. I 
Steel plates, in order to anneal tliem properly, should be -1 
bronghl np to a temperature higher than that at which 1 
the final work was done on them. A cherry red will be 
found tij be somewhat higher than the final working heat, 
and in boilers higher than any subsequent beat. Steel 
plutes must not be annealed at too high a temperature; 
that is. the temperature must not be near the melting J 
point, becuaso it will cliange its texture and crystallize by J 
alow cooling, thereby losing in tenacity, ductility and I 
elasticity, rendering the plate worthless. I 

The operation of heating and sudden cooling produces I 
effects directly the opposite of the above, and its eubse* I 
qnent behavior is not unlike that of similar pieces which 4 
have been brought to a strain exceeding the elastic limit ; 
chat is, the tensile strength is increased, as is also its brit- 
tleness. Any metal, therefore, which will harden in J 
cooling is not tit to enter in boiler construction because of V 
_^l|ils very property of becoming brittle and thus reducing I 
■■■Kiiver to endure sudden variations in load or resistance I 
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In regard to the accidental overheating of steel plates, 
caused by low water, there have been many instances of 
collapse or of bulging, but such a thing as fracture iu con- 
nection with overheating is almost unknown. 

Mr. Adamson observes that few or no malleable metals, 
such as wrought iron or mild steels, can be found in the 
open market that possess a range of endurance at all vary- 
ing temperatures, say, from cold up to red heat, but nearly 
all ordinary bar or boiler iron and mild steels will endure 
considerable percussive force when cold and up to 450^ 
Fahrenheit, after which, as the heat is increased, probably 
to near 700°, they are all more or less treacherous and liable 
to break up suddenly by percussive action. The poorer 
class of metals at this temperature, which may be called a 
color heat, varying from a light straw to a purple and dark 
blue, are simply rotten. Some of these peculiar properties 
are illustrated by a series of tests of various qualities of 
metal; for example: ordinary merchant iron shows that it 
may be bent cold, or it may be bent red hot without signs of 
breakage or much distress. Examples are not wanting to 
show that irons will endure this bending test when cold 
or when red hot, but such a heat as can be induced by 
placing the metal into a bath of boiling tallow, registering 
a temperature of about 610° Fahrenheit, these metals break 
through by being bent, lose most of their malleability and 
snap off short under the action of t)ie hammer. 

The same unfortunate element is exhibited by the mild 
class of Bessemer and Martin-Siemens steel, with this dif- 
ference, that they bent better cold and more pleasantly 
when hot, but both break up by percussive action at the 
medium temperature before named, the Martin-Siemens 
enduring somewhat better than the Bessemer class under 
these tests. 

During several years of observation Mr. Adamson has 
come to the conclusion that no metal containing much 
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above a trace of sulphur can endure bending ut this color 
beat, while at the Bsime time the phosphorus rnuat be low; 
ill Gn;t, such endurance can only be obtained hy a compar-J 
atively pure iron, unalloyed by any other ingredients. 

Experiraeuts mude by Mr. Adamson, with bars of ironj 
ooe inch in diameter and ten inches long between BUpportBjf 
when under tensile strain gave the following mechauic&ll 






Permanent «et induced |ier squart? inch....^6.L'UT poundB, 

Mashnum strain per square inch 53,476 pouDds. 

Elongation under maximum utruin lH \ier cent. 

^Dal brnaking strain on original area per 

Eqnare inch.. 50,829 pounds. 

Percent of elongation 20,5 

A piece of this snme iron subjected to chemitial analysis i 
yielded, 

Iron 9'.).44 

Carbon trace 

Manganese 0,10 

Milk-on 0.16 

Sulphur 0,01 

Phoaphorus 0,29 



100,00 

view to examine its power 



This iron was tested with 
of endurance at a low heat, and at temperatures varying 
(rom &00° to 600° Fahrenheit it was found very difficult to 
get a bent piece; and Ijy referring to the composition of 
this iron, it will be found to contain a large measure of 
phosphorus, which in some degree may explain its lack of 
power to resist percussive force at the heats just named ; 
nevertheless, this cheap ordinary iron is much more 
valaable for many practical purposes than pure and com- , 
paratively expensive wrought irons. 

t JVonWm Institute experiments — The inQuence of tempet 
I OS the strength of wrought iron boiler plates -v 
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investigated in 1837 by a commitee of the Franklin Insti- 
tute and their conclusions were, that, the tenacity of boiler 
plates increased with the temperature up to five hundred 
and fifty degrees Fahrenheit, at which point the tenacity 
began to diminish. The tensile strength per square inch 
of section 

At 32^ Fahrenheit was 56,000 pounds. 

At 570® Fahrenheit was 66,500 pounds. 

At 720° Fahrenheit was 55,000 pounds. 

At 1050° Fahrenheit was 32.000 pounds. 

At 1240° Fahrenheit was 22,000 pounds. 

At 1317° Fahrenheit was 9,000 pounds. 

Mr. Isherwood, in a contribution to the Franklin Insti- 
tute Journal in 1874, shows, in a very convincing manner, 
that the committee erred in judgment in continuing the 
experiments with the same specimens successively after 
rupture. He says : 

" In the experiments the same piece of iron was suc- 
cessively ruptured and gave as a general result just what 
might have been expected, namely, increased tenacity at 
each rupture under ordinary atmospheric temperatures; 
but the committee failed to detect the reasoa and left the 
naked fact standing in their tables without explanation. 
The experiments made by the committee under high tem- 
perature were vitiated by the same cause, as they were 
made on the same piece of iron after it had been broken — 
often several times — under low temperatures. The com- 
mittee did not perceive that the greater tenacity of the 
iron observed under the high temperature might be due to 
the fact that the iron was* then necessarily fractured at a 
stronger point than under the preceding low temperatures; 
but they compared, in all cases, the tensile strength obtained 
from the first trial under low temperatures with the tensile 
strength under the high temperature often after several 
fractures had been made under the low temperature and 
the weakest points thereby eliminated. 
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"The tenacity tlius found onder the bigli temperature, ' 
•m of ijoiirse, as much too great, comparatively, as the i 
l^naeity ander the low temperature, for the number of J 
fractures mode, exceeded the tenacity at the first fracturel 
dnJer the low temperature. Yet, obvious as is this deduo-fl 
tioti, the committee, ignored it and attributed the entire! 
tncrease of teuacity shown under the high temperature tol 
the influence of that temperature alone, while, in fact, thiBa 
iocrease was mainly, if not wholly, due to the elimiQatioal 
of the weakest points by the several previous fractures ofj 
the iron made under low temperatures. 

"Aa far as I am aware, this fact of the necessarily 
increasing tenacity of the iron at successive fractures, as a 
consequence of the continued elimination of weaker points 
by each preceding fracture, is now pointed out by me for 
the first time. The failure to perceive it caused Professor 
Walter R, Johusou to attribute an actual increase of j 
strength conferred ou the iron by the simple process ofj 
stretching, whereas this result was solely due to the removal J 
of weak points. 

"Combining this error with that of the increase of 
strength assumed to be due to high temperatures, but really 
due to the same cause, led him to propose what he termed 
' thermo-tension ' treatment of iron as a means of increasing ■ 
its tenacity. The whole principle of his process, however, i 
IDg based on fallacious assumptions, its practical appli- 

in proved worthless. 
[MPfom a careful comparison of all the experiments iM 
l»e been able to collect concerning the influence of tern- [^ 
peraluru on the tenacity of wrought iron, the results show I 
that iH'tween the temperatures of zero and 550°Pahren-l 
heit, this intluence is exactly nil, developing the important I 
fact that between these limits no provision need be made | 
engineer for etfect of difierence of temperature 
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STRENGTH OF BOILERS. 

Ultimate Strength — Factor of Safety — Safe Working Load — Strength 
of Riveted Shells — Collapsing Pressures — Strength of Welded 
Tubes — Stay Bolts and Braces — Steam Domes — Man Holes. 

The strength of a boiler will depend upon the material 
of which it is made ; the form and dimensions of its exte- 
rior and interior portions; the strength of intersecting 
joints, such as steam domes, nozzles, etc.; the strength of 
the riveted joints, and that of the system of stays which 
bind the portions of the whole together. 

The ultimate strength of a boiler is seldom or never 
called in question, except in connection with its safe work- 
ing pressure ; the former being necessary, however, to 
the determining of the latter. The strength of iron and 
steel plates, both single and double riveted, have already 
been given, but it yet remains to fix upon the strength of 
riveted shells and flues in their actual form and dimensions 
before the working pressure can be set with safety. The 
ultimate strength of a boiler is the greatest pressure which 
it is capable of withstanding without danger of rupture. 
It is not necessary that the failure occur at the moment of 
over pressure, but whether it is likely to occur at all by 
a continued application. Experiments of this kind are 
both difficult and costly, and are therefore rarely made. 
Knowing the longitudinal and transverse strength of iron 
or steel plates, the strength of riveted joints, and in part^ 
the many destructive influences which are at work and 
daily lessening the strength of the boiler, a cert-ain frao- 
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tion of the oHimate strength, called a factor of safety, 
ulected as a basis of calculation at which boilers are cod- 
ftitlered safe, after taking into account all the contingencies 
incident to boiler making and subsequent use (and, shall I 
say abuse?) in regular service, 

A factor of safety, in steam boilers, is a unit employe) 
to show in what proportion a given pressure is less than 
the nltimate strength of the boiler. If a boiler is oapablt 
of withstanding an ultimate pressure of nine hundred 
poonds per square inch, and is used at a pressure of one 
hundred and fifty pounds, there is said to be a factor of , 
safety of six with reference to the lower pressure, as com- 
pared with the ultimate strength. The numerical value 
git-eo a factor of safety is the relation which it bears to 
the nltimate strength, and not that of the elastic limit 
just what that figure should be for boilers has never been 
a^eed upon, but has been narrowed down to either six 
or eight; so that in ordinary boiler construction for land 
Qse, no very great discrepancies are likely to occur by the 
oae of either in the regular course of business. In this 
couutrj- six is the ordinary factor of safety employed in all 
kinds of boiler work; in England it varies between six 
and eight. It is the practice among the best class of 
boiler makers in this country to make no boilers less thaQ 
one-qnarttr inch thick, no matter if the factor of safety 
ahould reach ten or even twenty. This practice results 
Dly from the difficulty iu calking the seams in the 
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TABLE XLV. 

SHOWING THE TENSILE STRENGTH OF IRON AND STEEL PLATES, WITH 
SINGLE AND DOUBLE RIVETED JOINTS, AND THE SAFE WORKING 
STRENGTH PER SQUARE INCH OF SECTION, ALLOWING AS A FACTOR 
OF SAFETY ONE-SIXTH OF THE ULTIMATE STRENGTH. 





ULTIMATE STRENGTH OF 


SAFE WORKING LOAD OF RIVETED 


STRENGTH OP 


RIVETEE 


► JOINTS. 


JOINTS 


PER SQUARK 


! INCH. 


SOLID PLATE 

IN POUNDS PER 

SQUARE INCH. 


SINGLE 

RIVETED AT 

66 
PER CENT. , 


DOUBLE 

RIVETED AT 

70 

PER CENT. 


SINGLE 
RIVETED. 


DOUBLE 
RIVETED. 


SOLID 
PLATE. 


45,000 


25,200 


31,500 


4,200 


5,250 


7.500 


60,000 


28,000 


35,000 


4,667 


5,833 


. 8,333 


65,000 


30.800 


38,500 


5,133 


6,417 


9,167 


60.000 


33,600 


42,000 


5,600 


7,000 


10,000 


65,000 


36,400 


45,500 


6,067 


7,583 


10,833 


70,000 


39,200 


49.000 


6,533 


8,167 


11,667 


75,000 


42,000 


52,500 


7,000 


8,760 


12,500 



The elastic limit of wrought iron is not far from one- 
half its tensile strength ; assuming it to be one-half, then the 
safe working load of solid plate as given in the above table 
has a factor of safety of only three as compared with the 
elastic limit. It is much easier to make tests for ultimate 
strength than for the limit of elasticity and the results are 
more definite ; it is for this reason, probably, more than any 
other, that the factor of safety is made referable to the 
ultimate, rather than the elastic strength of the material. 

If we had nothing to deal with other than the pressure 
necessary to tear the boiler shell asunder in the line of 
rivet holes, or in the line of its least strength, the problem 
of strength in design would be a very simple one. Unfor- 
tunately this is not the case. Every one at all convers- 
ant with the details of boiler construction knows that 
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too many boilers are sent oat with internal strains result- 
ing from bad workmanship, which no doubt in aome cases 
ffUl ef^aal tbe intended working preeaure. The eftect of 
B strains is to reduce the ultimate strength of the boiler 
, shonlil always be taken into account. As there 
fao practical way of doing so we can only assume that 
u part of the factor of safety is already expended. But id 
what proportion? Perhaps no better answer can be givea . 
to this question than the data furnished in the following j 
larcular, issued by the English ISourd of Trade. 

The strength of boUtrs — The following circular, issued ^ 
by the English Board of Trade, is for the informatic 
engine and boiler makers, to enable them to know under 
wliat instructiona the inspectors of the board of trade act 
in recommending the pressure of steam to be carried in 
boilers within their jurisdiction: 

"When boilers are made of the best material, with all 
the rivet holes dnlled in place and all the seams fitted with 
donble butt straps of at least tive-eighths the thickness of 
the plates they cover, and all the seams at least double-riv- 
eted with rivets having an allowance of not more than 
fifty per cent over the single shear, and provided that the 
boilers have been open to iuspection during the whole period 
nf construction, then six may be used as the factor of safety. 
But the boilers must be tested by hydraulic pressure to 
twice the working pressure in the presence and to the sat- 
isfaction of the board's surveyors. But when the above 
conditions are nut complied with, the conditions in the 
foUowing scale must be added to the factor six, according 
to the circumstances of each case : 
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A 


.15 


B 


.3 


C 


.3 


J> 


.5 


E« 


.75 


F 


.1 


O 


.15 


H 


.15 


I 


.2 


J* 


.2 


K 


.2 


L 


.1 


H 


.3 


N 


.16 


O 


1. 


P 


.1 


Q 


.2 


R 


.1 


8 


.1 


T 


.2 


IT 


.25 



V .3 



X* i .4 

I 

Y il.65 



To be added when all the holes are fair and good in the longitudinal seama, bat 

drilled out of place after bending. 
To be added when all the holes are fair and good in the longitudinal seama, bat 

drilled out of place before bending. 
To be added when all the holes are fair and good in the longitudinal seams, 

but punched after bending instead of drilled. 
To be added when all the holes are fair and good in the longitudinal seams, but 

punched before bending. 
To be added when all the holes are not fair and good in the longitudinal seams. 
To be added if the holes are all fair and good in the circumferential seams, but 

drilled out of place after bending. 
To be added if the holes are fair and good in the circumferential seams, but 

drilled before bending. 
To be added if the holes are fair and good in the circumferential seams, but 

punched after bending. 
To be added if the holes are fair and good in the circumferential seams, but 

punched before bending. 
To be added if the holes are not fair and good in the circumferential seams. 
To be added if double butt straps are not fitted to the longitudinal seams and 

the said seams are lap and double riveted. 
To be added if double butt straps are not fitted to the longitudinal seams and 

the said seams are lap and treble riveted. 
To be added if only single butt straps are fitted to the longitudinal seams and 

the said scams are double riveted. 
To be added if only single butt straps are fitted to the longitudinal seams and 

the said seams are treble riveted. 
To be added when any description of joint in the longitudinal seams is single 

riveted. 
To be added if the circumferential seams are fitted with single butt straps and 

arc double riveted. 
To be added if the circumferential seams are fitted with single butt straps and 

are single riveted. 
To be added if the circumferential seams arc fitted with double butt straps and 

are single riveted. 
To be added if the circumferential seams ore lap joints and are double riveted. 
To be added if the circumferential seams arc lap joints and are single riveted. 
To be added when tlie circumferential seams are lap and the streaks or plates 

are not entirely under or over. 
To be added when the circumferential seams are not fitted with double butt 

straps and double riveted ; when the boiler is of such a length as to fire 

from both endi*. or is of unusual length, such as flue boilers. 
To be added if the seams are not properly crossed. 

To be added when the iron is in any way doubtful and the surveyor is not sat- 
isfied that it is of the best quality. 
To bo added if the boiler is not open to inspection during the whole period of 

its construction. 



Where marked ^ the allowances may be increased still further, if the workmanship 
or material is very doubtful or very unsatisfactory. 



The strength of the joints is found by the following 
method : 
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(Are* of ri»*ls X So. of rows of riveU) X 100 f Peiwini.igi. o[ dmigib 
Pitch X thickness of plate. j [|,„ ^..iu pute,' 

"Thoa take iron as equal to tweiitj-throe tons, and use 
the smallest of the two percentages as tbe Btreiigth of the ' 
joint, aad adopt the factor of safety as found from the | 
scale given in this circular: 

451.520 X percenUtgeof strength of joint) X twice i 

tbe Ibickness of tLe plate in iuohea. PrcHureiolicill 



inch<!5 y factor 



Iniklti dtncneter of the lioUer ii 
of Mfety. 

"Plates that are drilled in place must be taken apart * 
and the burr taken oft', and the boles slightly countersunk 
from the outaides. Butt straps must be cut from plates 
(and not from bars) and must be of as good a quality as 
tbe shell plates, and for, tbe longitudinal seams must he 
cut Bcrom the fiber. The rivet holes may be punched or 
drilled out of place, but when drilled in place must be 
taken apart and the burr taken oft" and slightly counter- 
sunk from the ontside. When single butt straps are used 
and tJie rivet holes in them punched, tbey must be one- 
eighth thicker than tbe plates tbey cover. Tbe diameter ■ 
of the rifetft must not be lesa than the thickness of thel 
platea of w-hich the shell is made, but it will be found i 
when the plates are thin, or when lap joints or single butt 
ettrapa arc adopted, that the diameter of the rivets should 
I excess of the thickness of the plates — Thomas Gray." , 

^h of Hotted shells — The bursting pressure of a'J 
Bder of either wrought iron or ateel may be estimated ' 
pllows: Multiply together the tensile strength of the 

jMffM|"iiHtoJaiibl»«hw. laulupli'thi't 
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material in pounds per square inch and its tbickness; 
divide this by the radius of the shell in inches, which will 
give the bursting pressure in pounds per square inch. By 
this rule a cylinder forty-eight inches diameter, one-quarter 
inch thick, of iron having a tensile strength of forty-five 
thousand pounds per square inch would yield, at a pressure 
of 468.75 pounds, as follows : 4A(uy^--AJi = 468.75. 

This is true only of a continuous shell without any 
joint; as it is not practicable to construct such a boiler 
with our present appliances a deduction must be made for 
the seam of rivets. If single riveted the strength would 
be reduced to, say, fifty-six per cent of the above, which 
'would lower the pressure to 262.5 pounds; or if double 
riveted, to seventy per cent, which would fix the bursting 
pressure at 328. pounds. The safe working pressure, 
allowing a factor of safety of six, would be 4-i^| J^ = 78.12 
pounds per square inch. 

It will be observed that the factor of safety does not 
take into account whether the shell is single or double 
riveted. As there is approximately twenty per cent differ- 
ence between the net results of the two percentages it is 
too large to be overlooked. It is customary to double 
rivet all longitudinal seams in boilers over forty -four inches 
in diameter, but not the circumferential seams. The stress 
on the end of a boiler is the area of the head multiplied 
into the pressure, and for the same shell as above would 
be, 48 X 48 X .7854 = 1809.6 square inches area. The sec- 
tional area of the metal in the shell = 48 X 3.1416 X .25 = 
37.7 square inches; this at 45,000 pounds per square inch 
would be capable of sustaining a load of 1,696,500 pounds 
before rupture ; or dividing this by the area thus, ^ f |g| pg^ 
= 937.5 pounds necessary to produce transverse rup- 
ture, or twice that of the longitudinal seams. If the same 
reduction be made for riveted joints as in the preceding 
example then 937.5 X .56 = 525 pounds as the ultimatd 
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Stren^h to resist raptaro. as agninst 262.5 pounds for a^^^l 


single riveted, or 328 pounds for double riveted longita-^^^ 


diaal seams, which goes to show that nothing is to be 


gained by donbie riveting circumferential seams in ordi- 


D&ry cylindrieal shells. ^^^J 


If tabes or flues are inserted in the heads, their com^^H 


bined areas are to be deducted from the area of the head^^^f 


this has the effect in many cases to reduce the pressure ou^^H 


the boiler heads more than one-half. ^^H 


The following tables, XLVI and XLVII, show the saf^^^^ 


working pressure per square inch for iron or steel boilers, ^^H 


either single or double riveted : ^^M 


^^ TABLE XLVI. ^^ 


^BtenVO THE SAFE WORKINU PRESSURE FOR SINOLE RIVETED IKOK 


^HPorLnttiER BOILERS. FROM TWENTY-FOUR TO SEVENTY-TWO INCBES 


^^^ ™ niAKETER, EMPLOYINQ A FACTOR OF SAFETY OF SIX- . 


^^ SlnffU Jiivtted Iron SMU. ^^^ 


nAMKTDl 


THICKNESS 


«..,!,; .T«„n„ F.» .«Ci«. ..CH. ^H 


^^^or 


.:l. 




...» 


4>.m 


ao,(m) 


^^^1 






CRBSaiTSB 


prbsscm: 


PBESSCBE 


PBEssrsi. '^^1 




A inch 


104 


117 


130 


^^H 




i inch. 


1.19 


IM 


174 


191 ^^M 




ft inch. 


174 


las 


217 


^^M 




ft inch. 


m 


lOS 


120 


132 ^^M 




1 inch. 


128 


144 


160 


176 ^^M 




ft inct>. 


IflO 


180 


200 


220 ^^M 




A inch. 


89 


100 


112 


^H 




} inch. 


ll'J 


134 


149 


164 ^H 




ft inch. 


14!) 


IfiT 


1S6 


^^1 




A inch. 


83 


94 


104 


us ^^M 




} inch. 


111 


125 


139 


^^M 




ft inch 


139 


156 


17-1 


191 ^B 




H 



156 



A TRBATI8B ON 8TBAM B0ILBB8. 



TABLE XLV1-- CoKTiHUBD. 



DIAMETER 
OF 


THICKNESS 

OP 

SHELL. 


TENSILE STRENGTH 


PER SQUARE DTCB. 


BOILER. 


40,000 


46,0C0 


60.000 


56,000 


32 


A inch. 


PRESSURE. 
78 


PRESSURE. 

88 


PRESSURE. 

98 


PRESSCRI- 

107 




i inch. 


91 


102 


114 


125 




,<V inch. 


130 


146 


163 


179 


34 


A inch. 


74 


83 


92 


101 




J inch. 


98 


110 


123 


135 




A inch. 


123 


138 


153 


169 


36 


JV inch. 


69 

1 


78 


87 


96 




J inch. 


92 


104 


116 


127 




^ inch. 


116 


130 


145 


159 


38 


A inch. 


66 


74 


82 


90 




J inch. 


88 


99 


110 


121 




^ inch. 


110 


123 


137 


151 


40 


T^ inch. 


63 


70 


78 


86 




J inch. 


83 


94 


104 


115 




^ inch. 


104 


117 


130 


143 


42 


■^ inch. 


60 


67 


74 


82 




\ inch. 


79 


89 


99 


109 




fV inch. 


99 


112 


124 


136 


44 


T^ inch. 


57 


64 


71 


78 




J inch. 


76 


85 


95 


104 




^ inch. 


95 


107 


118 


130 


46 


^ inch. 


54 


61 


68 


75 




i^ inch. 


72 


82 


91 


100 




^ inch. 


91 


102 


113 


125 


48 1 


^ff inch. 


52 


59 


65 


72 




J inch. 


70 


78 


87 


96 
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TABLE XLV I— CoirrnnrBO. 



DIAMITBB 

or 


THICKVE88 

or 

SHEIX. 


TBKglLB 8TREKGTH 


PER 8QUABI 


; INCH. 


BOILEB 


40,000 


45,000 

* 


60,000 


05,000 


48 


^ inch. 


PREB8UBB. 

87 


PBBSSUBB. 
98 


PBBSSURE. 
109 


PBESSUBB. 
120 


50 


} inch.' 


67 


75 


83 


92 




^ inch. 


83 


94 


104 


115 




f inch. 


100 


112 


125 


138 


52 


\ inch. 


64 


72 


80 


88 




^ inch. 


80 


90 


100 


110 




f inch. 


96 


108 


120 


132 


54 


i inch. 


62 


69 


77 


85 


• 


^ inch. 


77 


87 


96 


106 


, 


f inch. 


93 


104 


116 


127 


56 


j^ inch. 


60 


67 


75 


82 




^ inch. 


75 


84 


93 


102 




f inch. 


89 


100 


112 


123 


58 


j^ inch. 


57 


65 


72 


79 




^ inch. 


72 


81 


90 


99 




f inch. 


86 


97 


108 


119 


60 


} inch. 


56 


63 


70 


77 




^ inch. 


70 


78 


87 


95 




f inch. 


83 


94 


104 


115 


66 


^ inch. 


51 


57 


63 


69 




A inch. 


63 


71 


79 


87 




f inch. 


76 


85 


95 


104 


72 


1 inch. 


46 


52 


58 


64 




^ inch. 


58 


65 


72 


80 




f inch. 


69 


78 


87 


96 
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The pressure given in the above and in the next tables 
for plates of 45,000 and 50,000 pounds tensile strength, 
agree closely with the best practice in this country for 
diameters ranging from thirty-six to forty-eight inches. 
Although single riveted seams may be strong enough for 
any pressure that may be required iu any particular case, 
yet double riveting is to be recommended always, because 
the strength is increased thereby some twenty per cent; 
even then, it is thirty per cent below the strength of the 
solid plate. 

TABLE XLVll. 

SHOWINa THE SAFE WORKING PRESSURE FOB DOUBLE BIVET&D IBOM 
CVLISDElt BOILERS, FKOM TWENTY-FOUK TO SEVENTY-TWO tKCSES 
DIAMETER, EMPLOYINO A FACTOR OF SAFETY OF SIX AND ADVANC- 
ING THE PRODUCT TWENTY PER CENT FOR DOUBLE RIVETING. 

IhubU Rivded Iron Sheila. 




DIAMETER 


JIiL. 


...., 




PEB sqDABE liica. 


BOILER, 


*o,floo 


<A,ooa 


«!,«» 


SS.OW 


24 


A inch. 


PAESEtlBE. 

125 


PBERSUBB. 

140 


156 


FRERSDBB. 
172 




i inch. 


107 


187 


209 


229 




A inch. 


209 


234 


260 


287 


26 


A inch. 


115 


130 


144 


15S 




i inch. 


165 


173 


192 


2>^ m 




■ft inch, 


l<.'2 


216 


240 


2^m 


28 


■fi, inch. 


107 


120 


134 


.«■ 




i inch. 


143 


161 


179 


IM 




i=B inch. 


17D 


200 


223 


^H 


30 


■A inch. 


100 


113 


125 


laaB 




i inch. 


133 


150 


167 


!»■ 




A inch. 


157 


187 


209 


2»1 


32 


A inch. 


94 


106 


IIS 


128 
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TABLE XLVIl— CoNTiKDED. 



DIIXETER 
OP 


aBE^L. 


TENSILE BTBSKGTH 


PER SQUARE 


,»CB. 


BOILER. 


40.000 


*S,««) 


60,009 


W.00O 


32 


i inch. 


FRESaOBE. 

109 


122 


PRES..RE. 


PREMTRB. 




A inch. 


156 


175 


196 


215 


34 


i\ inch. 


89 


100 


110 


121 




i inch. 


118 


132 


148 


162 




A inch. 


146 


166 


184 


203 


36 


ft ioch. 


83 


94 


104 


115 




i inch. 


110 


125 


139 


152 




ft inch. 


139 


156 


174 


191 


38 


ft inch. 


79 


89 


98 


108 




i inch. 


106 


119 


132 


145 




ft inch. 


132 


148 


164 


181 


40 


ft inch. 


76 


84 


94 


103 




1 inch. 


100 


113 


125 


138 




ft inch. 


125 


140 


156 


172 


42 


ft inch. 


72 


80 


89 


98 




1 inch. 


95 


107 


119 


131 




ft inch. 


119 


134 


149 


163 


44 


ft inch. 


68 


77 


85 


94 




i inch. 


91 


102 


114 


125 




ft inch. 


114 


128 


142 


156 


46 


ft inch. 


65 


73 


82 


90 




i inch. 


86 


98 


109 


120 




A inch. 


109 


122 


136 


150 


4» 


ft inch. 


62 


71 


78 


86 




i inch. 


84 


94 


104 


115 




ftinoh. 


104 


118 


131 


144 ' 
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TABLE XLVII— CosTisuEii. 



.,..,„. 


SBELL. 


..... 




FEB aqnka 


„„. 


BOILEH. 


«.0M 


ufioa 


M,000 


5S.0» 


50 


I inch. 


PBEHSORB. 
80 


90 


100 


110 




A inch. 


100 


113 


125 


138 




1 inch. 


120 


134 


150 


166 


52 


i inch. 


77 


S6 


96 


106 




,\ inch. 


ye 


108 


120 


132 




i inch. 


115 


130 


144 


138 


54 


J inch. 


74 


83 


92 


1112 




A '«"!b' 


92 


104 


115 


127 




1 inch 


112 


125 


139 


152 


50 


1 inch. 


72 


80 


90 


98 




A inch. 


90 


101 


112 


122 




1 inch 


107 


120 


134 


148 


58 


J ineh. 


ea 


73 


86 


95 




A "»^''- 


80 


97 


108 


119 




i inch. 


103 


116- 


130 


143 


60 


i inch. 


liT 


7(1 


84 


92 




A inch. 


84 


04 


IM 


114 




1 inch. 


100 


113 


125 


138 


66 


1 inch. 


61 


r>.s 


76 


83 




."a inch. 


76 


85 


95 


104 




j inch. 


91 


102 


114 


125 


72 


I inch. 


53 


62 


70 


77 




A inch. 


70 


78 


8(> 


96 




i inch. 


83 


y4 


104 


115 
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In the tables following, the writer makes a diatioctioD 
between ordinary iron boiler pLite aud what is called in 
the tables "high grade iron." By this is meant tiange iron, 
»nd what is sometimes called fire box iron; or in othet 
words, the very highest grades of wrought iron plates, by 
whatever name they may be called. For ordinary shells 
made of C. H. No. 1 iron, 45,000 to 50,000 pounds ia as 
high a tensile atrength as it is safe to assume without test- 
ing; the 40,000 pounds iron is not recommended for any 
service in which high pressures are to be used. 

It is not probable that manufacturers will have frequent 
CftlU for iron boilers from 60,000 to 70.000 pounds tensile 
strength. Such irons are made, however, and could be 
furnished if ordered. There are western river steamboats 
irbich have boilers made of iron averaging not far from 
6&,000 pounds tensile strength. If it is necessary to order 
this grade of iron for a boiler, samples should be cut from 
each sheet at the rolling iiiill, numbered or marked for test- 
log Ijefore doing any work on the plate. If the samples (or 
eoupons as they are generally called) do not come up to the 
required test the sheet is to be rejected. In the case of 
steel plates the tensile strengths should be chosen from 
60,000 to »i5,000 pounds tensile strength, and ought not to 
exceed 70,000, and in no case more than 75,000 pounds. 
The ordinary temper and bending testa will suflice for steel 
of the three first grades ; for the fourth or last, in addition 
U) these, it should be tested for elongation and contraction 
of area. 
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TABLE XLVllI. 

SHOWING THE SAFE WORKING PRESSURE FOR 8INGLE RIVETED STEEL 
OR HIGH GRADE WROUGHT IRON CLYLINDER BOILERS, FROMTWENTY- 
FOUR TO SEVENTY-TWO INCHES IN DIAMETER, EMPIX)Y1NG A FAC- 
TOR OF SAFETY OF SIX. 

Sinqle Riveted, Steel or Wrought Iron Shells. 



DIAMETER 


THR'KNESS. 


TENSILE STRENGTH 


PER SQCARE INCH. 


L OF 


OF 
SHELL. 

j% inch. 










BOILER. 


60.000 


65,000 


70,000 


75,000 


24 


PRESSURE. 
156 


PRESSURE. 

169 


PRESSURE. 
182 


PRESSURE. 
195 




J inch. 


208 


226 


243 


260 




,\ inch. 


260 


282 


304 


325 


26 


^% inch. 


144 


156 


168 


180 




} inch. 


192 


208 


224 


240 




,\ inch. 


240 


260 


280 


300 


28 


^ inch. 


134 


145 


156 


167 




1 inch. 


179 


193 


208 


22.3 




f\ inch. 


22:^ 


242 


260 


279 


80 


j^ incli. 


12o 


135 


146 


156 




1 inch. 


167 


181 


194 


20S 




ui "H-h 


208 


226 


243 


200 


:vj 


^\ inch. 


117 


127 


137 


U7 




i inch. 


156 


163 


182 


195 




i^g inch. 


195 


212 


228 


244 


:!4 


i^,y inch. 


110 


119 


129 


13S 




1 inch. 


147 


159 


172 


184 




j'^a inch. 


184 


199 


214 


2:30 


36 


^«ff inch. 


104 


113 


122 


130 




} inch. 


139 


150 


162 


174 




j*^ inch. 


174 


188 


203 


217 
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TABLE XLVIII— CoHTiKnBD. 



OF 


or 

saiLL. 


,™,. 


B STBEHOTH 


PBB aqouii 


IHOH. 




«o,ooo 


W,l»0 


30.000 


7B.0OO 


38 


A inch. 


PKE§8I1RI. 

99 


107 


FRESSUBE. 
115 


FRESBOKE. 
123 




1 inch. 


132 


143 


154 


164 




A inch. 


164 


178 


192 


206 


40 


A inch. 


94 


101 


109 


117 




i inch. 


125 


135 


145 


156 




A inch. 


156 


159 


182 


195 


42 


A.inoh. 


89 


97 


104 


112 




} inch. 


119 


129 


139 


149 




A Inch. 


149 


161 


174 


186 


44 


A Inch. 


85 


92 


99 


107 




i inch. 


114 


123 


133 


142 




A inch. 


142 


154 


166 


178 


46 


A inch. 


82 


88 


95 


102 




i inch. 


109 


118 


127 


136 




A Inch. 


136 


147 


159 


170 


48 


A inch. 


78 


84 


91 


97 




i inch. 


104 


113 


121 


130 




A inch. 


130 


141 


152 


162 


50 


i inch. 


100 


loa 


116 


124 




A inch. 


124 


135 


145 


156 




j inch. 


150 


162 


175 


188 


52 


1 inch. 


96 


104 


112 


120 




A inch. 


120 


130 


140 


150 




1 inch. 


144 


156 


168 


180 
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TABLE XLVIII— Continued. 



DIAMETER 
OF 


THICKNESS 

OF 

SUELL. 


TENSILE STRENGTH 


PER SQUARI 


! INCH. 


BOILER. 


60,000 


65,000 


70,000 

• 


75,000 


54 


I inch. 


PRESSURE 
93 


PRESSURE. 

100 


PRESSURE. 
108 


PRESSURE. 
116 




A incb- 


116 


125 


135 

• 


145 


• 


i inch. 


139 


150 


162 


174 


56 


J inch. 


89 


96 


104 


111 




j\ inch. 


111 


121 


130 


140 




1 inch. 


134 


145 


156 


167 


58 


} inch. 


86 


93 


• 100 

• 


108 




^ inch. 


108 


117 


126 


135 




i inch. 


129 


140 


151 


162 


60 


\ inch. 


83 


90 


97 


104 




f\ inch. 


104 


U3 


121 


130 




1 inch 


125 


135 


146 


156 


66 


\ inch. 


1 76 


82 


88 


95 




^•^5 inch. 


95 


103 


110 


118 




1 inch. 


114 


123 


133 


142 


72 


J incli. 


60 


75 


81 


87 




/ff inch. 


87 


94 


101 


108 




•J inch. 


104 


lU 


122 


130 



A word of caution may not be out of place just here in 
regard to using thinner plates of steel because of its 
higher tensile strength; for example: the substituting of a 
42 X T^ X 70,000 lbs. shell made of steel, instead of a 42 X i 
X 50,000 lbs. shell made of iron would not be recommended 
by any boiler maker who cared anything for his reputation^ 
and the reasons are quite obvious, the principal one being 



STRENQTH OF BOILERS. 



165 



that the tigbtnesB of a riveted joint is not increased because 
of the iocreaeed teneile strength of the plates, and it would 
be a very difficult matter to keep such a boiler tight, espe- 
cially if of considerable length. The writer does not favor 
the use of plates less than one-quarter iuch thick for boil- 
era when exceeding thirty inches in diameter, whether of 
steel or iron; neither does he recommetid single riveting 
for boilers of any diameter when constructed of steel or 
of iron having these high tensile strengths. 



TABLE XLIX. 

SHOWmO THE SAFE WOREINO PRESSURE FOB DOUBLE RIVBTED STEEL 
OR HIQH GRADE IRON CYLINDER BOlLERtl. FROM TWENTY -FOUR TO 
SEVENTY-TWO INCHES DIAMETER. EMPLOYING A FACTOR OF 
SAFETY OF SIX, AND ADVANCING THE PRODUCT TWENTY PER CENT. 
FOR DOUBLE RIVETING. 

Double Riveted Iron or Steel Shelh. 



....^. 


,B,«K.88 


TENSILE STBblNQTU I>EB SQUABE INCH. 


BO.LE». 


60,000 


M,00O 


,«.«« 


76,000 


24 


^ inch. 


187 


203 


218 


234 




i inch. 


2.50 


271 


292 


312 




A inch. 


312 


338 


3f.5 


390 


'X 


A inch. 


173 


187 


202 


216 




i inch. 


230 


2.W 


269 


288 




A inch. 


288 


312 


33r. 


360 


28 


A inch. 


161 


174 


IH7 


201} 




t inch. 


215 


2:J2 


2.T0 


26H 




A inch. 


268 


290 


.312 


33.^ 


30 


A inch. 


150 


162 ■ 


175 


187 




i inch. 


200 


217 


233 


2.^0 




A inch. 


250 


271 


292 


312 
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TABLE XLIS— CoKTiicDM. 



»..^.T.. 


OP 
BBEI.L. 


TEKSILB BTRKMIITH 


PER aODlRE IHCR. 




l»,000 


M,«W 


70,000 


ra,OM 


32 


A inch. 


PRBSSURK. 

140 


PMainTRE. 
152 


PRESSDHE. 

164 


176 




i inob. 


187 


196 


218 


234 




A inch. 


234 


254 


274 


293 


34 


A inch. 


132 


143 


155 


166 




k inch. 


176 


191 


206 


221 




A inch. 


221 


239 


257 


276 


36 


A inch. 


125 


136 


146 


];->6 




1 inch. 


167 


180 


194 


209 




A inch. 


209 


226 


244 


260 


3H 


A inch. 


119 


128 


138 


148 




1 inch. 


158 


172 


185 


197 




A inch. 


197 


214 


230 


247 


40 


A inch 


11:j 


121 


131 


140 




) inch. 


150 


162 


174 


187 




A inch. 


18T 


20.1 


2IH 


234 


42 


A inch 


107 


116 


125 


134 




J inch. 


143 


I.'),'! 


167 


179 




A inch. 


179 


Wi 


209 


223 


44 


A inch. 


102 


110 


119 


128 




J inch. 


137 


US 


160 


170 




A inch. 


170 


IH.'i 


199 


214 


46 


A inch. 


98 


106 


114 


12e 




t inch. 


131 


142 


152 


163 




A inch. 


163 


176 


191 


204 


48 


A inch. 


94 


101 


109 


116 
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48> 


k inch. 




A inch. 


SO 


i inch. 




A inch 




1 inch. 


52 


i inch. 




A inch. 




1 inch. 


.14 


1 inch. 




A inch. 




i inch. 


.iC, 


( inch. 




Amch 




1 inch 


5H 


i inch 




A inch 




1 inch 


M> 


i inch 




A inch 




1 inch 


66 


t inch 




A inch 




1 inch 


72 


i inch 




A inch 




1 inch 
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Collapsing pressures — The best experimental data rela- 
ting to the collapsing pressures for flues or tubes are those 
of Sir William Fairbairn. The pressure necessary to col- 
lapse a flue was found to vary nearly according to the fol- 
lowing laws: 

Inversely as the length. 

Inversely as the diameter. 

Inversely as a function of the thickness, which is nearly 
the power whose index is 2.19; but which for ordinary 
practical purposes may be treated as sensibly equal to the 
square of the thickness. 

By these formulas the 2.19 power of the thickness 
multiplied by 806,300, and divided by the product of diame- 
ter in inches by the length in feet, is undoubtedly correct 
for thin flues of certain lengths. The 2 power of the 
thickness is also correct for another class of thicker flues. 
In the following tables both of these formulas are used — 
the 2.19 in the right hand triangle, and the 2 in the left. 
Neither of these formulas appear to apply to heavy flues 
of great lengths. This, to a certain extent, is on account 
of the laps acting upon the principle of Pairbairn's bands. 

In the tables of internal pressure, one-fifth of the value 
of ordinary boiler iron (say 50,000 pounds to the inch of 
section) is taken to be safe; while in the external one-third 
is taken; this is on account of the great variation in the 
tensile strength of iron. 

NoTK— IltNidiii^'s to Tul.l.-s I. ;m<i \A sliould r.-u*!. "Shnrhvi Sii- 
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Tho {iresaares along the diagonal Bpai.-e show the eftec-t 
f Un!»e two Ibrmulaa on the eame diameter, length und 
Iticktiess; also, the comparative atrength of thick and 
hin flues of the same length and different diameters, viz, 
I Hue Uiirty-six iiu^hes iu diumeter, three-eighths thick, ten 
BM loDj^, is about as strou^ as one seven inehea diameter, 
l6fi inches thick, of the same length. 

The resistance to collapse depends very much on the 
law being exactly eyliiidrical, and it is for this reason that 
U larg^viffyes intended for internally tired boilers should 
« fitted with hutt riveted, instead of lap riveted joints. 
£r. Fwrbaira found that the flues were greatly streugth- 
n«d by riveting angle or T iron rings at regular distances 
the Sues; and as the cullapsing resistance ia very much 
M than the sale working internal pressure, these rings 
loald be applied until the bursting and collapsing press- 
res equaled each other. Whenever practicable, the thick- 
sea of metal in the due and in the shell ought to be the 
tme. In very large boilers this can not be done. Instead 
f the rings spoken of above, it is now the practice of 
any boiler makers to use welded flues in short lengths; 
taging the ends, and then riveting together iu much the 
kine way that flanged cast iron pipes are bolted. 

Id regard to small tubes, the following table may often 
Jid useful. It is taken trom D. R. Clark's Manual 
t, Jables and Data : 
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TABLE LIL 

SOLID DRAWN IRON TUBES-CALCULATED BURSTING AND COLLAPSING 

PRESSURES. 



EXTER- 
NAL 

DIAMR- 
TER. 



THICKNESS. 



INCHK8 

n 
1* 
li 
i| 

li 

H 

2 
2i 

2* 

2i 

3 

■■!1 
.U 

^ 

4 



B.W.G 



14 

14 
14 
14 
14 
14 
14 
13 
13 
12 
12 
11 
11 
10 
10 
10 
10 
10 
10 
10 
9 
9 



INCH. 



.083 
.083 
.083 
.083 
.083 
.083 
.083 
.095 
.095 
.109 
.109 
.120 
.120 
.134 
.134 
.134 
.134 
.134 
.134 
.134 
.148 
.148 



INTER- 


BURSTING PRESSURE. 


COLLAPSING 
PRESSURE. 


NAL 
DIAME- 


PER 8Q. IN. 
OF 


PER 8Q. 
INCH OF 


PER SQ. 
INCH OF 


PER8Q. 

INCH or 


TER. 


INTERNAL 


SECTION 


EXTERNAL 


SECTI09 




SURFACE. 


OF METAL 

TONS. 
22.4 


SURFACE. 


OFMETiL 


INCHES. 

1.084 


POUNDS. 

7,700 


POUNDS. 

6,500 


TOirs. 

21.7 


1.209 


6.900 


224 


5.800 


21.3 


1.334 


6,200 


22.4 


5,200 


21.0 


L459 


5,700 


22.4 


4,700 


20.7 


1.584 


5.300 


22.4 


4.300 


20.3 


1.709 


4.900 


22.4 


4,000 


20.0 


l.?34 


4,500 . 


22.4 


3,700 


19.7 


1.935 


4,900 


22.4 


3,800 


19.3 


2.060 


4,600 


22.4 


3,600 


19.0 


2.282 


4.800 


22 4 


3,600 


18.3 


2.532 


4,300 


22.4 


3,100 


17.7 


2.760 


4.400 


22.4 


3,000 


17 


3.010 


4.000 


22.4 


2,700 


16.3 


3.232 


4.200 


22.4 


2,700 


157 


3.482 


3,900 


22.4. 


2,400 


15.0 


3.732 


3,600 


22.4 


2,100 


14.3 


3.982 


3.400 


22.4 


1,900 


13.7 


4.232 


3.200 


22.4 


1,700 


13.0 


4.4S2 


3,000 


22.4 


1.600 


12.3 


4.732 


2,8(K) 


22.4 


1,400 


11.7 


5.204 


2.800 


22.4 


1,200 


10.3 


5.704 


2.01)0 


22.4 


1.000 


9.0 



Stay bolts — The sides of locomotive and portable engin 
lire boxes have a greater or less extent of flat surface, sut 



tot to both external and internal pressures. These sur- 
Kes are opposite each other, and are kept in place hy 
lerewed stays, riveted over the ends. Each of these bolts 
>r stays suataini) the pressure of eteam against a certain 
krea of the plate to which they are attached. In some 
^ts made by Mr, Fairbairn on three-quarter ini'h iron 
ktay bolts with enlarged ends screwed into an iron plate 
three-eighths inch thick, and then riveted over, it was 
Foaad that such a stay would resist 30,000 pounds breaking 
ireight. li' we allow a factor of safety of six this would 
give li.OOO pounds as the safe load on a single stay for the 
diameter and thickness of plate, as given above. 

In tests of stayed ends similar to those of fire boxes 
for portable engines, Messrs. Greig and Eytb experimented 
Pti t}ir«e drums, in which one end plate, representing the 
inside of the fire box was of tbree-eigbihs inch plate; the 
Dtlier, corresponding to the outside shell, was nine-six- 
leenths inch. This greater thickness was not recjuired by 
the boiler as such, but is employed in the special case of 
iteaiD plowing or traction engine boilers where this side 
[>I&te carries part of the machinery. 

The stays were seven-eighths inch in diameter, four 
uid a quarter inehes apart, and in drums Nos. 1 and 2 
irere riveted over the ends on both sides. They were 
tapped right through, having fourteen threads per inch. 
One of these drums (1) was entirely of steel, the other (2) 
of iron. The third drum was of steel, with check nuts on 
Lhe end of the stays on the side of the weaker plate. The 
elear epnce between the two plates was two and a half 
iocbes wide, exactly corresponding to the water space of 
the lire box. 

The iron barrel (No. 2) failed with a pressure of 1,230 
pounds per square inch. In this case one of the outside 
rtayfl gave way; the first signs of the failure appeared with 
I pressure of about 1,150 pounds, when the edges of the 



1 
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rivet head of the stay crumbled away. The plate bulg- 
ing out between the stays, the one which failed slipped 
gradually and noiselessly through the hole of the thio- 
ner plate, through which the water then escaped. The sec- 
tion of the solid part of the stay (minus the thread) 
having a diameter of barely \f inch, is 0.51 square inch* 
The tensile strength of the iron employed was 22.28 tons 
per square inch, and a stay ought therefore to carry 11.34 
tons, or 25,400 pounds. The area supported by the stay 
should have been 4J inches square, or 18.06 square inches. 
In this case the riveted head of the stay gave way at 
twelve per cent below its regular breaking strain. 

The steel drum (No. 1) broke'under a pressure of 1,628 
pounds per square inch. In this case a stay broke fairly 
in the middle between the two plates with a loud -report, 
the plates bulging out freely. In this case, as before, the 
area supported by one stay is 16.06 square inches,'so that 
the maximum pressure put on one stay amounted to 
29,402 pounds. The sectional area is as before, 0.52 square 
inch, and the breaking strain of the steel employed is 
64,579 pounds per square inch. The stay ought therefore 
to be able to carry 33,581 pounds, but as it carried only 
29,402 pounds, it broke with a strain twelve per cent le;*? 
than its maximum tensile strength. 

The experiment with the stays provided with nuts was 
a failure ; but there is no doubt that the tendency to bulge is 
considerably checked by nuts. Many locomotive builders 
are now using tliem on the projecting ends of stay bolts 
and the practice seems to be growing in favor in Europe 
rather than in this country. 

The usual practice of staying flat crown sheets is by 
means of crown bars and bolts, which is, all things con- 
sidered, a very objectionable method of staying, owing 
to the accumulation of deposit underneath and between 
the bars. A much better way is to use round stays 
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;rewed ioto the crown sheet and riveted over, or fitted 
ith nuts. 

The diameter of stay bolts is usually three times the 
lickness of the plates for one-quarter and five-sixteenths 
cb plates, and from two to two and a quarter diameters 
r half inch and five-eighth plates. They are arranged in 
Ttical rows at a distance of four to four and a half inch 
nters in the best locomotive practice. In portable en- 
aes where the pressures are much lower, say about one- 
Jf less, they are usually placed at from four and a half, to 
e inch centers, depending on the thickness of the metal, 
ia not customary to take into account the tensile strength 

the plates composing the shell or fire box, as the whole 
essnre is assumed to be upon the stay bolts. 



TABLE LIII. 

OIVINO PROPORTIONS FOR STAY BOLTH F 
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TBB TO CBKT 


R OF STAV 


or.TS, IK iwr 


mi 




1 IK. PLATE. 


ft,K.PL.TI 


|„,P...T.. 


AlK.PI.«T< 


i 1«. PUTB. 


I«..T.,. 


)1»..T»T 


i,K.,T.,. 


1,K..T„. 


UlK.mT. 


50 


6 


7 


8 


9 


10 


fio 


5| 


61 


-i 


H 


SI 


70 


5 


51 


6S 


''. 


8i 


80 


*t 


5! 


61 


71 


7i 


90 


a 


5| 


51 


6| 


'i 


100 


41 


41 


6! 


«1 


7 


no 


4 


4| 


51 


51 


f>l 


120 


H 


41 


5 


5! 


6i 


130 


n 


41 


4i 


5!- 


61 


140 


!| 


4| 


41 


5| 




ISO 


31 


4 


4! 


5 


5( 
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The preceding table gives the reaiilts of a comparison 
of several fortnulus and dimensions taken from the best 
practice, and thus fixing the average proportions for diam- 
eter of stays based ou the thickness of metal and distance 
apart from center to center for pressure, as given in the 
first column. It will be understood that this table ie 
empirical and varies only from the well known formula 
B^ y-¥mTA by taking into account the atiJthess of the plates 
between supporte. 

In staying boiler heads, it is the usual practice to rivet 
an angle or T iron to the head, and attach stay rods or 
braces running from this piece to some part of the shell or 
through to the other end of the boiler. There should hp 
some arrangement by which these stay rods may bo 
brought into tension ; a link and key is perhaps as good as 
any, and almost anything is better than a screw, as tho 
threads are apt to waste away if in the steam space, and 
to be covered with scale if in the water space, so as to prac- 
tically render them useless after the tirat application, before 
I cleaning, should it he necessary to remove them for clean- 
ing. The size of the stay rods may be determined by first 
fixing upon the number that are to be used ; the area under 
pressure to he supported, divided by the number of stays, 
will give the load upon each. No stay rod should have s 
load upon it greater than 4,000 pounds per square inch. 
Thus the diameters of the stay rods may be easily arrived at. 
As has been already said, the area taken up by the 
tubes or Hues in the boiler heads reduces the total pressure 
on the heads by just that amount. Large flues are always 
riveted to the heads, and thus act as stays. Sometimes 
both the heads are flanged, as shown in figure 33, on page 
141, in which case the flues are simply straight cylinders; at 
other times one head only is flanged in this manner, the 



J 
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fter head Ijein^ eat out to receive the flue, which liaa a 
S&n^eil iMid not anlikc thiit an a cast iron pipe ; this flange 
ft tlie flue i» brought up 8u;uiuist tlie head and both riveted 
tAgcther*tbe other end uf the flue being riveted aedeacribedl 
Above. Tubes lesa than five inches diameter are expanded| 
y special tools intu plain xmootb holes bored out in the 
beads: these also act, in a less degree, however, as stays by 
n slight "bead" (ir riveting over of the tubes on the 
' e of the heads. 

lie Proaser tube expander, as iu general use, is Bbowq! 
levatiou in figure 34. It consiRts of a number of steer 



"^^ 




pieces with radial joints, the whole being bo arranged that 
the lool may bo inserted in the tuba, and by driving on the 
end of the tapered steel pin passing through the center of 
tbeae atoel pieces, they are forced out radially, and thus by 
•noceasive operations stretch the end of the tube until i 
eocurately fills the hole. The expander is made partially 
concave near the end, the length of this groove approxi- 
mstiug the thickness of the head and about three times the 
thickness of the tube. Tubes put in by this method being 
expanded on both sides of the tube plato in one operation, 
urve as braces and tend greatly to etifien the head. Before 
the tubes are put in place they should be carefully cut to 1 
leo^h before expanding, as the chipping off the end of the i 
tube in place is not only unworkmanlike, but there iaJ 
- (13) 
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danger of splitting the tube. It Bometimes happens, * 
the heads are not perfectly flat, and the inside ti 
1 require to be somewhat Bfac 
than those nearer the flanged e 
i For this another toot is made, an 
n well adapted for the parpoae, fignr 
/ being a sectional elevation, figure 
perspective view of the ring for sh 
ing the tube, and figure 37 a repres 
FrauKitK.. ation of the expander complete. 

The patent combined tube expander aud cutter con 
of a Prosser expander, the outside bead of which h 
cutting edge, also a collar with cutting edges inside, 
two cutting edgefl act as a shear, making a clean sq> 





cut from end of tube. This method of cutting o0 enc 
tubes will be found to be a great improvement over 
usual practice of cutting thcni oft' with a chisel. 

To expand and cut off a tube, the collar is placed 
the end of the tube and jigaiiist the tube plate o, 
expander and cutter is then inserted within the tube i 
the gauges j, which are shown as shoulders on the 
meats, meet the end of the collar, in which position 
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^«(Iges i are in proper position with reference to the i 
Bilge of the eolliir. When in tliia position the taper- 




■Dg mandrel is driven in and from time to tttno rotated until 
Ifluitahle poption of tlie end of the projecting tnbe is cut off I 
writhe tiilte at the pliite is properly expanded. About 
one-eighth of an inch of the tube end is left projecting 
Iwyomi tliK plate «, and the piece cut off is left within the 
collar When ilic collar and tube are removed, the pro- 
jecting end is properly culkod against the plate. 

The calking tool em- 
ployed in iinisiting the ends 
"f the tubes is shown in ^ 
figure 38. 

Dudgeon's roller tube expander is shown in figure 39, 

»"il is designed to properly expand the tube by means of a 

wntinuous rotary pressure, and thus lessen the liability of 

■■^^g the tubes by driving in a conical orotlierexpand- 




Avice. Tubes can be expanded without striking a 
^Oli them, thus rendering them far less liable to crack. 
i htakj onea can be tightened, with steam on the boj 
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with perfect safety. One expander will answer for any 
thickness of tube sheet, thus avoiding the necessity of an 
expander for each difterent thickness of sheet. They are 
no more liable to break than the common tool, and are 
easily kept in order, as the rollers are the only things that 
can give out, and they can be replaced in a few moments 
by unscrewing the cap, B. 

Steam domes — The strength of boilers is often lessened 
by cutting out large holes in the shell for steam domes. 
What particular function this appendage plays in ordinary 
stationary boilers, would be hard to divine on any economic 
grounds. The writer confesses to having put hundreds of 
them on boilers in which they served no more useful pur- 
pose than if they had been placed on the steam chest of 
the engine instead. It sometimes happens that commer- 
cial requirements come in conflict with the judgment of 
the engineer, and, as is too often the case, the latter has to 
submit to the former. A steam dome is just such a case 
in point. 

The common argument in favor of a steam dome is that 
it increases the steam room of the boiler. Suppose it 
does; why the necessity of this increase? If the boiler 
shell is too small, then an increase of steam room might 
under some conditions be a good thing; but whether it 
will increase the efliciency of the boiler by a better circu- 
lation of water, or, by a freer liberation of the steam in 
the water, ought, but seldom is taken into account. If 
what a steam dome costs were put into a larger shell, leav- 
ing the arrangement, size and number of tubes or flues 
the same, it would be a positive gain in strength not only, 
but in economy. 

The shell of the boiler is weakened in the first place, 
by cutting out a large hole over which the dome is to be 
placed. In a very large percentage of cases this hole is 
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ten times larger ia area than there ia any neceasity for. 
Why a hole sixteen inches in diameter should he cut in ^ 
the shell of a boiler and leading into a dome which would 
not hold half a barrel, and then attaching a three inch 
pipe to conduct the steam to the engine, is probably beyond 
the boundary of satisfactory explanation. Tliis is in itsolf 
bad enough, but in the second place, in addition to this 
there is a row of rivet holes, usually two and a halt' to 
three inches in diameter larger than the dome, tlius still 
fonher weakening the metal around tbe hole. 

Borne establiahraents have special drilling machines for 
drilling these holes ; tliia ia the exception rather than the 
mle. The usual way ia to flange the dome and flt it to the 
shell; the dome is then drilled and the shelt marked from 
these holes. The dome being removed, the holes are cut 
through the shell with a chisel, then reamed, drifted or 
chipped, 80 as to allow the rivei to enter. In fibrous iron 
it 18 not an infrequent occurrence to split the plates around 
the holes. The lower lamina of the plate is almost sure to i 
be loosened or driven into the interior of the boiler. If 
there is aoytbing within tlic whnle range of mul-treuttnent 
to irtiich boilers are subjected which at all approaches the 
werage fitting a dome to a shell, the writer has failed to 
detect it. 

If a dome must be put on a boiler in order to make a 
wle, the hole leading from the shell into the dome ought 
lotto greatly exceed twice the area of Ibe pi|)o leadina^ to 
the engine. Figure 40 shows the idea 
clearly. Thia has been the practice of 
the writer, and haa never, to his knowl- 
edge, given any trouble. A small hole 
should be cut through the shell on each | 
side, at n poiat just inside of the aides fiuliu tu 

of tbe dome, to drain any water of condensation wliich 
might collect there back into the boiler. 



Itie pi|)e leadiii)^ to 
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If a dome must be put on a boiler, it ought to be of 
such a size as to appear well in proportion to the whole. 
The diameter of the boiler naturally suggests itself as that 
portion by which to fix the diameter of the dome. The 
following table gives the sizes generally used by the writer, 
when no particular size is included in the contract ; the 
thickness of the metal in the dome sheet being one-quarter 
inch at the top and five-sixteenths of an inch at the bottoin- 
These sheets are rolled thicker at the bottom to give more 
metal where the flange is to be formed. 



TABLE LIV. 

PROPORTIONS FOR STEAM DOMES. 



DIAMETER OK 


SIZE OP DOME. 


DIAMETER 
OF BOILER. 


SIZE OK DOME. 


BOILER 


DIAMETER. 
INCHES. 


HEIGHT. 


DIAMETER. 


HEKiHT. 


INCHES. 


INCHES. 


INCHES. 


INCHES. 


INCHES. 


24 


12 


15 


44 


20 


26 


2G 


13 


10 


4() 


2S 


26 


28 


J") 


17 


48 


28 


2S 


30 


ir, 


18 


iiO 


30 


30 


32 


18 


20 


52 


32 


32 


34 


18 


20 


54 


32 


32 


30 


20 


22 


50 


34 


34 


38 


22 




58 


34 


34 


40 


24 


24 


OO 


30 


36 


42 


24 


24 
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A Steam drum, as 
shown in iigiire 41, is to 
bfl preferred to a dome 
riTet«d to the hIigU: the 
opening in the holler is 
lew, there are fewer rivet 
boles and these are (.■on- 
fined to a sniiiller dium- 
eter. The interior diiim- 
eter ot the no7./.\es may 
^^^ar hollers from 

m 




to 44 indti^s dinmnior. 4 itiahn*. 

tol>Uiiiclir« dinitK^tcr^ t> inirhpii. 

eo Int-hen (liiUHuler 6 Ui<-hf", 



The metal in the nox/Jes ehoiild he ahoiit an inch 
thick, not for strength to resist the ureasiire of Bteuni, but 
the better to withstand the ettoL-ta of rough handling, etc. 
The diameters of the drnms for any given imiler may be 
tlie same as given in tahle LIV for domes, and in length 
lliey may he two itiameteri*, to look well. 



-wr 




If a boiler really needa more iteam room, then a dmm 
■Wutil he of HnffieientBize to make it a usefal appendage. 
In »uch a oase, n drnm it^ «hown in fignre 42 in recom- 
mended. 
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In regard to aize, it may be half the diameter and not 
less than half the length of the boiler to which it ia to be 
applied. It should be placed midway on the boiler, and 
have the nozzles connecting the drnm with the interior of 
the boiler, as shown. 




Man holes, when cut into the cirfumferontuil part of the 
boiler, are a source of weakness. A man hole should never 
be placed tliere, if it U possible to get it into either head. 
In any ordinary flue or tnbular bniler it can be placed 
in the head, as shown in figure 
43, without interfering with any- 
IhiTig about the boiler, either 
externally or internally. Wlien 
man holes are placed iu the 
FiauRK «. heads, there shoald be one below 

the tubes or flues, if possible, and one above them. This will 
in moat cases allow ample facility for cli?auiug or repairs. 
There should be in all cases a heavy wronght iron ring 
riveted around the hole. Many boiler makers negleot this 
do put in such a ring make it 
' no service in strengthening the 
:en rings around man holes in 
la of the ring through tlie center 
3ely more than tlie area of metal 
isertion of a rivet by 
nd. This is all wrong. 



altogether, and many who 

90 light as to bo of little c 

head. The writer has s 

which the not sectional ar 

of any given hole was seal 

punched out nf the head, for the i 

which it was to ba attached to the he 



and the boiler would lose little or nothing in strength W 
the ring were left off altogether. 

When it is impracticable to put the man holes in th® 
heads, then the shell should be strengthened by a heavy 
ring, which may be riveted to the inside of the boiler aO" 
the man hole plate make its joint on the ring itself. •*- 
very common practice is to make a cast iron "saddle, 
with a flange to fit the boiler, and a portion of the caatifl^ 
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carried up liigh euough to make a flat joint Ibr the i 
Me (ilate on its inner side. Such a device needs to be 
ncommemled with some caution. A cast iron fitting' 
oroniid a hole, say ten by sixteen inches, in the shell of a 
lioikr, while it may not be daugerous, should not be 
we«jit«d as perfectly safe. The following engraving, figure i 
WJ, repreaenta a form of 
uterior wrought iron fit- 
liiig for mau holes, by W. 
k J. Oalloway, Munclies- 
ter, Knglaiid. This is an 
exoelluiit device for the ' 
purpose, and unu which 
it would be well to adopt 
ID tbi^ coniitry. It is pos- 
sible that wrought Iron 

ringH are so applied in this country, but the writer has not 
seen tbem. 

SomL'times a .tteam dome is fitted with a cast iron head 
«a(l ihe man hole plate is fitted in it. In such a case 
the opeitiug into the dome from the interior of the boiler 
■hould b&ve a henvy wro;jght iron ring, as already described 
in A preceding paragraph. 
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CHAPTER IX. 



HEATING SURFACE AND BOILER POWER. 

Transfer of Heat — Radiation — Conduction — Convection — Heating Sur- 
face, Internal, External — Position of Heating Surface — Heating 
Surface of Tubes and Flues — Evaporation as Modified by Heating 
Surface, in Kind and Extent — Relation of Grate Area to Heating 
Surface — Evaporation Modified by the Circulation of Wat^r in tbe 
Boiler — Boiler Power — Evaporative Capacity and Economy — Effi- 
ciency of a Boiler — Rating of Boiler Power. 

Transfer of heat — This is accomplished by radiation, 
conduction, convection. Radiation, considered as a mode 
of transference of heat, is a process which can only go on 
between at least two material bodies, one of which gives 
out, and the other receives heat. The phenomena of radi- 
ant heat have been studied, and its laws well ascertained, 
and, as a luminous body sends out rays of light in all 
directions, in straight lines, so also does a heated body 
send out rays of heat in all directions, in straight lines. 
These rays of heat, like those of light, may be reflected and 
refracted, and seem in all respects to be identical, with the 
exception that the former is known to us only through the 
sensation of feeling, or arc measurable by means of a ther- 
mometer, while the latter is made known through tbe 
organ of sight. Rays of radiant heat, always moving in 
straight lines when the medium through which it passes 
permits it, do not impart any heat to a surrounding 
medium by diffusion, and thus materially diflFers from con- 
duction of heat, in which the heat always travels from hot- 
ter to colder portions of an unequally heated medium. The 
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entire process of radiation consists of three distinct parts — 
emission, absorption and transmission. 

Emission of radiant heai — Radiant heat is emitted in 
straight lines in all directions from a radiating point. 
Hence, the quantity of heat which, in a given time, falls on 
a given substance from a radiating point is inversely ])ro- 
portional to the square of the distance of that surface from 
the radiating point. 

It is a matter of universal experience that, under otlier- 
wise similar circumstances, a given body gives out more 
heat in a given time the hotter it is. Temperature, there- 
fore, is one condition which determines the emissive power 
of bodies for heat; but further examination shows that it 
is not the only condition upon which this plienomenon 
depends, as it is well known that different substances have 
very different powers of emitting heat, even when their 
temperatures are exactly the same. 

Absorption of radiant heai — When radiant heat arrives 
at the surface of a boiler, for example, part of it is always 
reflected, either regularily or diffusively ; but this reflec- 
tion is never complete. Another portion of the heat pene- 
trates into the iron, and, according to the particular prop- 
erties of the latter, is either wholly or in part transmitted 
through it, or is wholly or iii part annihilated, causing an 
increase of temperature in the body. It is this extinction 
of radiant heat, in causing rise in temperature in material 
bodies, that constitutes the phenomenon of absr^rption. 
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Wftter. 

Cut iron, brightly polisheil... 

Wrought iron. poliahe<l 

Zinc, polished 

Steel, |>olished 

Tin 

Brass, cast, liright i)olish>>il.... 
Copper, hnniiiifi'ed or cast .... 



The reflecting power of n body is the complement of 
its absorbing power. The latter varies with the nature of 
the source of heat, with the condition of the substance, 
and with the inclination of the direction of the heat radiated 
upon the body. The absorbing power of a metallic surface 
is much less than the reflecting power, and the latter 
increases as the surface is highly polished. 

Radiation of heat from combustibles — Few experiments 
have been made to determine the proportioD which the 
radiant heat bears to tlie total heat in different combusti- 
bles. M. Pedet, by means of a simple apparatus, consist- 
ing of a cage suspending the combustibles within a hollow 
cylinder filled with water in an annular space, ascertained 
that the proportion of the total heat radiated from dificr- 
ent combustibles was as follows: 
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Total h^at 100 

Radiant heat from wooii 25 per cent, nearly. 

Radiant heat from charcoal 50 per cent, nearly. 

Radiant heat from oil 20 per cent, nearly. 

The transmission of radiant heat is controlled by the 
same laws as that of light, and has its origin in the oscil- 
latory motion of the ultimate particles of matter. Trans- 
mission consists, then, in the transference of this motion 
from a heated body called the emissive to another called 
the absorbing body. This transmission never occurs except 
when heat passes out of a hot body to enter a colder one. 

Conduction is the transfer of heat between two bodies 
or parts of a body which touch each other. It is distin- 
gnished into internal and external conduction, according as 
it takes place between the parts of one continuous body, 
or through the surface of contact of a pair of distinct 
bodies. 

If one part of a body, such as a bar of iron, is at a 
higher temperature than the rest, and it be left to itself, it 
will in time acquire a uniform temperature throughout the 
masB of metal, the hot part losing heat, the cold part gain- 
ing heat. This tendency towards equalization of tempera- 
tare is what is known as internal conduction of heat. 

The rate at which conduction, whether internal or 
external, goes on, being proportional to the area of the 
section or sarfSEtce through which it takes place, may be 
expressed in the form of so many thermal units per square 
foot qf area per hour. [Ranki ne]. 

The following table gives the comparative conducting 
power of different metals : 

ffilTer 1 100.0 

Copper. 73.6 

BnM. 23.6 

Tin..........: 14.5 
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Iron 119 

Steel 11.6 

Lead 8.5 

German Silver 6.3 

As a general rule it will be found that the densest 
bodies are the best conductors of heat. 

Conduction of heat by liquids — In consequence of the 
diminution of density which takes place almost univer- 
sally in liquids when they are heated, an increase of tem- 
perature is rapidly communicated by convection to the 
whole of a quantity of liquid when heat is applied to it 
from below. Hence, it was formerly supposed that liquids 
possessed a high degree of conductivity for heat. When 
heat is imparted to a liquid from above, so that the expan- 
sion of the heated portions can not cause them to rise, and 
so produce a circulation of the liquids, the communication 
of heat from one part of a liquid to another takes place 
with extreme slowness; and thus heat acts for a long time 
upon the upper part of a column of water and gradually 
penetrates downwards and follows the same law of con- 
duction as observed in metals, being only less in degree. 
From experiments it appears that the conductivity ot 
water is to that of copper as 9 to 1000. 

Convection of heat, means the transfer and diffusion of the 
state of heat in a fluid mass, by means of the motion of the 
particles of that mass. It is only by the continual circulation 
and mixture of the particles of the fluid, that uniformity 
of temperature can be maintained in the fluid mass, or 
heat transferred between the fluid mass and a solid body. 
In a steam boiler, it is favorable to economy of fuel that 
the motion of the water and steam should, on the whole, 
be opposite to that of the flame and hot gas from the 
furnace. 
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Htat'mg surface — One of the first thiuga to be known, 
after the aeleetion of a particular type of boiler, is the 
amoantof heating surface it ought to have to evaporate a 
certain quantity of water. As the evaporution is depend- 
ent largely upon the coiiatriiction of ihe boiler itself, 
together with its fariiaee, whether situated within itself or 
anderneath it, there is an element of uncertainty a» to 
qoantity, introduced at a very early stage in any proposed 
ealcalationa. 

Tnternal heatinff surface — The most effective heating sur- 
tuse in a boiler is a flat or concave plate or crown sheet, 
immediately over the fire. For several reasons, a concave 
plate, acting as a crown sheet, is to be preferred whenever 
practicable, on account of its being well adapted to receive 
the radiant heat from the iire, but more especially on 
aceoant of its permitting a better circulation of water. 
inside the boiler, because of the absence of crown bars and 
other fixtures necessary to the proper staying of a large, 
flat surface. 

In this case, the fire is made in a furnace, surrounded 
OQ all sides, except the bottom, with water spaces. 

The relative valnos of heating surfaces in the dift'erent 
portions of a boiler can not be said to have been definitely 
settled. It is generally known, however, that in fire box 
boilers, for example, by far the greater portion of the evap- 
oration is carried on la the fire box end of the boiler. 

External heating surface — In horizontal tubular boilers 
the shell ia far mora efficient than the tubes. The efficienof 
and the quantity of heating surface in a boiler should never 
be confounded, and in designing a boiler, the former of the 
two is always to be preferred over the latter. The gener- 
ally received notion that a boiler should present no heat 
ftbaorbinif surfaces to obstruct the How of heated gases. 
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borders on an absurdity. After complete combustion 
taken place in the furnace, and the heated products have 
begun their flow towards the chimney, then the more they 
are deflected and turned from a straight course and made 
to impinge against heat absorbing surfaces in the boiler, 
the more heat will the gases give up, and, in consequence, 
the more water will be evaporated per pound of coal. 
This will, of course, interfere greatly with a natural or 
chimney draught. A forced draught, however, may be 
used with much greater economy and compel a flow of 
gases. 

Position of heating surface — The relative values due to 
the different positions of heating surface have been deter- 
mined by direct experiments with the following approxi- 
mate results : 

One square foot of heating surface placed at right 
angles to the current of heated gases so as to receive them 
by direct impact, was found to equal four square feet when 
placed diagonally to th^ current, or eight square feet when 
placed in a direction parallel to their flow. This shows the 
importance of securing a direct impact of heated gases 
against the absorbing surfaces of the boiler, whenever the 
designs can favor it. In all ordinary boiler construction 
this matter is wholly overlooked or disregarded, more atten- 
tion having been paid to it in the designing of sectional 
boilers than, perhaps, any other class. 

Heating surface of tubes and flues — The value of the 
heating surface of horizontal and vertical tubes has been 
greatly overrated. In almost all calculations the surface 
of tubes is counted in with that of the shell as being of 
equal value. A greater mistake can be hardly made. The 
results of experiments made to determine the value of 
tube heating surface shows it to be about ^ that of fur- 
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beating surface. Afr. 0. Wye Williams had an experi-J 
Biotital boiler luado.in order to determine the exact valuei 
ef heatiug surface lu tubes in relation to their length.1 
Tliia holler had twentv-tive tubes, six feet long and twaj 
and a half inches in diameter. 

'he boiler was fitted with three water tight compart>- 

; the first partition was placed at a distance of onefl 
Vom the front end, and a similar partition one foot I 
the rear end ; thus making the two end compart- 
aentii one foot long ouch, and the middle one four feet 
long. After having made suitable connections with a fur- 
nace at what wo shall call the front end, it was observed 
thaL the water was brought to the boiling point in the first 
vompartmeiit (which was one foot long), after an interval 
of twenty-three minutes from the time of starting the 
firea; in the second or four feet compartment it required 
fiifty-eight minutes; and in the third or last compartment, 
fifty-nine minutes. The water having been broughtto the 
boiling point, it was continued by careful and regular firing 
for three hours, with the following results ; 

First compartment, one foot long, two hundred andJ 

forty pounds water evaporated. I 

Second compartment, four feet long, an average evapo- I 

ration of seventy pounds of water for each of the four feet 1 

ill length. I 

Tliird compartment, one foot long, fifty pounds water! 

«viiporated. I 

Showing that the first foot of tube heating surface] 

is the one of greatest value, and that long tubes add but! 

little to the steaming capacity of a boiler. I 

In another experiment, it was shown that the firnt inch I 

in^sagth of tube was equal in efficiency to the next tenl 

^B^OWever vuluable ^fr. ^y'iUiams' ex]>enmonts may bM 
^H^OWing the popular errul' in estimating tbc value od 

■ w ] 
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tube heating surface, it must not be supposed that it ifl 
next to worthless. The record of the- ordinary horizontal 
tubular boiler, so largely used in this country, shows that 
tube surface has value, but to what extent, as compared 
with the shell, is not certainly known. 

Figure 44 represents a cross section of a tube; from an 
inspection it will be seen that the most 
effective portion for heating is the top of 
the tube, which is represented by 1. As 
there is no perceptible amount of heat given 
off at the bottom of the tube, it is repre- 
sented by 0; the sides of the tube are about figure 44. 
half as effective as the top ; then, adding together, 

1 + i + + } _ 1 

or, the effective heating surface of a tube, is approximately 
only one-half its circumference multiplied into its length. 
The precise action of a column of heated gases in a floe 
is not known, but, from the fact that the gases escape at a 
temperature several times greater than the temperature of 
a compartment filled with water, as already described 
(page 193), we are led to infer that the central portion of 
the column of gases does not touch or give up any of its 
heat to the flue. This may be illustrated by the following 
diagram : * 
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The several Hoes arc supposed to represent the sections 
or strata of heated products passing through it, entering 
U a t«mp«ratar0 of 700" and issuing at 540°. In this case 
the oater seotion, being next, and in contact with, the iron 
Bne snrface, will give out heat and be reduced, say to 300°, 
on arriving at t}ie end of ilie flue. 

Eeapornlion a,< modified by kind and extent of heating svr- 
ft« — The lieating surface of a boiler is often used as a 
I measure of its evaporative capacity, and as engines are 
nwaily rated by the liorse power, boilers have had imposed 
upon them a similar rating, so that the capacity or power 
' of a steam boiler is oftener rated by the horse power than 
by any other metliod, and this Btill further complicates 
matters, becanae tlie horse power of a boiler is usually 
made to correspond to that of the engine for which it is to 
famish the steam, the power of which varies with the 
pressure uf steam, and, as to whether it is a slide valve 
•ngine controlled by an ordinary governor, or an automatic 
tot off engine — the latter engine requiring a less quantity 
of Tatcr per horse power than the former. That the evap- 
Ontive power of the boiler depends upon the heating aur- 
'&ce there can be no doubt, for it is by this means alono 
tlist the heat of combustion is transferred to the water. 
This transfer may be either direct, as in the case of such 
portions of the boiler as are situated immediately around 
or above the (ire; or, it may be indirect, as in the case of 
floes and tubes. The former is by direct radiation from 
the fire, the latter receives heat only by conduction. The 
relative values of the two kinds of heating surface are, for 
sqnal sarfaoes and similar conditions, about live to one in 
bvor uf direct heating. 

The material of which the boiler is made and its thick- 
tOM will huve an eflect on its evaporative power; tlie 
brmer only when perfectly clean, the latter at all times. 
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Tlie quantities of heat transmitted tliroiigh plates of 
metal, one inch thit-k, for one degree Fahrenheit ilill'erence 
of temperature, per hour, as determinetl hy M. Peclet, are 
as follows: 



Copper 5.i5 

Iron 225 

Zinc 225 



Lead... 



units of heat, 
unite bf heat, 
units of heat. 



Thi8,'it should be observed, is for metals perfectly clean. 
M. Pealet found that all metals conduct heat about alike 
when their snrfaoea became dull. Ilis experiments were 
with two boilers, one of which was made of copper and 
the other of cast iron. Thcao were both exposed to ad 
intense heat, and placed into the flame in such a manner 
that their surfaces became dulled; the evaporation was 
then carefully noted and was fouud to be about twenty 
pounds uf water per square foot of surface per hour. In 
some experiments by Mr. James R. Napier, with small 
boilers of similar materials, and placed over a gaa flame, 
the quantities of water evaporated were practically the 
same. Other experiments on a larger scale show that after 
a few days use there is practically no difl'erence between 
the evaporation in an iron or in a copper boiler. This 
fact shows that the latter metal possesses no advanta^ 
over the former cheaper metal if allowed to get coated 
with soot. This practically contiuea the economical uso 
of copper to the fireboxeaof internally fired boilers, where, 
on account of the intense heat, it lias nn chance to become 
coated with soot. For the same reason tliere is no econ- 
omy in the use of copper tubes in tubular boilers, unleo^ 
kept perfectly clean. 

In regard to thickness, it is known that the resistance 
to internal conduction is proportional to the distance th ^ 
heat has to traverse, or, in other words, to the thickneV-' 
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of the plate. Tlio evaporative effecieiicy also tlepends, and 
liDreuety. on the ditt'ereiice of the temperaturoa between 
itiifl two sides of tlie plate through which the heat is to 
JMua. The tmmber of hetit units which will pass through 
asiuuro foot of iron plate per hoiip may be found iu the 
following manner: 

fVam the Icmpiraturt of (he gases in the j'aruate and in amtiict with t/it 
'■•b', tvUraet lAt temperalMfe 6/ the toater in the baiter; divide (hit 61/ tht 
^iAta* ef (he plaU, multipUed hy ,009S, vr/uth loitlgine Ike ijuanlity nught/ar. 
It Fi)clfit gives the decimal .009(i &s the co-effifiient of Ihermul rt-siHt- 
«« toand by exi>erimeiiC, If for ooppor platua, tlion .0040 may be 
■Wed innteail. 

In the preceding paragraph uo account waa taken of 
tbe resistance to external conduction on the one side, nor 
the resistance to the emission on the other. In order to 
Brrive at the exact amount of heat which actually passes 
from the heated gase^ throngb the plates and taken up by 
:be water, the total thermal resistance, both external and 
nternal, must be taken into account. 

In order to make any such calculation it will be necea- 
lary to know, 

1. The resiatunce to the absorption of heat by the 
^e of the plate next the heated gases. 

S. The resistance to emission on the other side of the 
loiler plate which is in contact with the water. 

3. The namerical value of the co-efficient of thermal 
■esiatance of the boiler plate. 

4. The thickness of the boiler plate in inches. 

5. The temperature of the heated gases, and 

6. The temperature of the water in the boiler. 

The ijuantity of heat transmitted may be found in this 
way; 

Sublroot the temperature of the water from that of 
ika heated gases, and divide the remainder by a divisor 
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consieting of the co-efficient (3) multiplied by the tliickness 
o tlie boiler plate, to which is to be added the resistance 
to abaorptiou aud the resiBtance to emiBsion. This quo- 
tient will be the quantity of heat, in heat units, transmitted 
to the water. 

The extent of heating surface in ordinary land boilers 
is dependent upon the length and diameter of the shell, 
the number and size of the tubes or flues. 

In setting boilers in brick work it is customary to carry 
up the side walls parallel, and when a few inches below the 
water liae of the boiler to set the bricks in by successive 
steps, as shown in figure 46. This portion of the circumfer- 
ence multiplied into the length 
will give the heating surface 
of the shell. The next table 
gives the distance in feet for 
portions of circnmferencee, and 
all that is necessary to do ia 
order to determine the heating 
surface of any shell is to knov 
what portion of the circumfer- 
ence is used; find the number 
in the table where such fraction 
of circumference and diameter 
of the boiler intersect, and multiply the ligures so found 
by the length of the boiler in feet. This will give the 
beating surface of the shell in square feet. 
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TABLE LVI. 
ABLE OF PARTIAL CIRCUMPERENCES UP BOILER SHELLS, FROM TWENTY- 
FOUR TO SEVENTY-TWO INCHES IN DIAMETER. 



UNITE K OF 
WILIF. 


^«.,0«.OrC,KC.«..K.«C. 


weoL=. 


i 


i 


i 


1 


WCBBS. 


PEBT. 


FEET. 


FEET. 


FEET. 


FEW. 


24 


6.28 


4.71 


4,19 


3.93 


3.14 


26 


6.81 


5.11 


4,54 


4.25 


3.40 


28 


7.33 


5.50 


4.89 


4.58 


3,67 


30 


7.85 


5-89 


5.24 


4.91 


3.93 


32 


8.38 


6.28 


5.59 


5.24 


4.19 


34 


8.90 


6.68 


5.93 


5.56 


4.45 


36 


9.42 


7.07 


6.28 


5.89 


4.71 


38 


9.95 


7,46 


6.63 


6.22 


4.97 


40 


10.47 


7.85 


6.98 


6.55 


5.24 


42 


11.00 


8.25 


7.33 


6.87 


■ 5.50 


44 


11.52 


8.64 


7,68 


7.20 


5.76 


46 


12.04 


9.03 


8,03 


7.53 


6.02 


48 


12 57 


9-42 


8.38 


7,85 


6.28 


M 


13.09 


9.82 


8,73 


8.18 


6.55 


52 


13.61 


10.21 


9,08 


8-51 


6.81 


94 


14.14 


10.60 


9.42 


8.84 


7.07 


S6 


14.66 


11.00 


9,77 


9.16 


T.33 


58 


15.18 


11.39 


10.12 


9.49 


7.59 


60 


15-71 


11.78 


10,47 


9.82 


7.85 


62 


16.23 


12.17 


10.82 


10.14 


8.12 


64 


16.76 


12 57 


11.17 


10.47 


8.38 


66 


17.28 


12.96 


1 1 .■.2 


10,80 


8,64 


68 


17.80 


13.35 


11.87 


11-13 


8.90 


70 


18.33 


13.74 


1222 


11.45 


9.16 


72 


18.85 


14.14 


12.57 


11,78 


9.43 
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In table LVII may be found the external heating surface 
in square feet for one lap welded wrought iron tube. Tbe 
lengths given in the table will meet every ordinary require- 
ment. If, however, the boiler requires tubes of a diflfer- 
ent length from those in the table, the heating surface given 
in the second column, multiplied into the length of such ^ 
tube, will give its area of heating surface in square feet. 

TABLE LVII. 

SHOWING THE EXTERNAL HEATING SURFACE IN ONE LAPWELI>^ 





BOILER TUBB OP THE FOLLOWINQ DIMENSIONS: 




DIAM- 
ETER 


LENGTH IN FEET. 


IN 
INCHBS. 


1 


6 


8 


10 


12 


14 


16 


1 


.262 


1.57 


2.09 


2.62 


3 14 


3.66 


4.19 


U 


327 


1.96 


2.62 


3.27 


3.92 


4.58 


6.24 


IJ 


.393 


2.36 


3.14 


3.93 


4 75 


5.50 


6.28 


1} 


'.458 


2.75 


3.66 


4.58 


5.50 


6.41 


7.33 


2 


.524 


3.14 


4 19 


5.24 


6.29 


7.33 


8.38 


2* 


.589 


3.53 


4.71 


5.89 


7.07 


8.25 


9.42 


2i 


.655 


3.93 


5.24 


6.55 


7.86 


9.17 


10.47 


2i 


.720 


4.32 


5.76 


7.20 


8.64 


10.08 


'11.52 


3 


.785 


4.71 


6.28 


7.85 


9.42 


10.99 


1257 


3t 


.850 


5.10 


6.80 


8.50 


10.20 


11.90 


13.61 


3i 


.916 


5.50 


7.33 


9.16 


10.99 


12.82 


14.66 


3} 


.982 


6.89 


7.86 


9.82 


11.78 


13.75 


15.71 


4 


1.047 


6.28 


8.38 


10.47 


12.56 


14.66 


16.76 


4i 


1.178 


7.07 


9.42 


11.78 


14.14 


16.49 


18.85 


5 


1.309 


7.85 


10.47 


13.09 


15.71 


18.33 


20 94 


6 


1.570 


9.42 


12.56 


15.70 


18.84 


21.98 


25.13 



The next table (LVIII) shows the external heating 
surface in one flue, from six to twenty-four inches diameter. 
In case the length in feet given in the table does not corre- 
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SOI ^1 


•pond to the length of the boiler, any coin 


mn containing ^^H 


■ frftctionul length may he u 


sed as a convenient multiplier, ^^1 


, Wthe fignres in two columns may he adiled 


together, thus; ^^1 


Kaquired the heating surface 


in one flue, floventecn 


inches ^^M 


diameter, twenty-six feet lo 


ig? This length is not con- ^^ 


Gained in the table, but by 


idding together the figures in 


colnmna twelve and fourteei 


feet, tlius.T^||i the 


correct 


•mount ia given. 








TAB I. 


: LVin. 






*»«OWlNO THE EXTERNAI, HEATI.S 


a SURFACE IN ONE FLUE 


OF TUE 


FDLLOWING 


DIMENSIONS. 














OlW- 
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1 


12 


14 


16 


IS 


20 


22 


Mt 


1,6708 


18.85 


21.99 


25.13 


28.27 


31.42 


34 56 


m 


1.832fi 


21.99 


25.66 


29.32 


32.99 


36,65 


40..12 


m 


20944 


25-13 


29,32 


33,51 


37.70 


41.89 


46.08 


« 


2,3562 


28.27 


32 90 


37.70 


4241 


47.12 


51-84 


]fl 


2,618U 


31.42 


36.65 


41.89, 


47.12 


52.36 


57-50 


11 


2.8798 


34 56 


40.32 


46.08 


51,84 


57,60 


63-36 


12 


3.1416 


37.70 


43.98 


50,27 


56,55 


6283 


69,12 


13 


.14034 


4n,S4 


47,0,^ 


54.45 


61.26 


68.07 


74,87 


14 


3MS2 


43.98 


.11,31 


68.64 


65 97 


73.30 


80.63 


15 


3.V270 


4712 


54 98 


6283 


70.69 


78.54 


86.3» 


IS 


4.18S8 


5<I27 


58,64 


67.02 


75,40 


83,78 


92 15 


17 


4.4506 


53,41 


62,31 


71.21 


80.11 


89,01 


97,91 


lb 


4.7r34 


M.55 


65,97 


75.40 


84.82 


94.25 


103,67 


ig 


4 9742 


59 69 


69 64 


79.59 


89,54 


99.48 


109.43 


ao 


5-2360 


62.83 


73,30 


83.78 


94.25 


I(H.72 


I1S,I» 


21 


&,4'JT8 


65.97 


76.97 


87.96 


98,96 


ll»9,96 


120.95 


23 


5.7696 


69.24 


80-77 


92,31 


103,85 


11539 


126.91 1 


23 


60314 


72.2e 


84 30 


96,.14 


108.39 


120 43 


^m 


24 


6 2?i32 


75.40 


87,96 


100.53 


113.10 


iM.efi 


^1 


^l^^^l^^^fl 
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Grate area — From results of experiments made person- 
ally, and from an inspection of experiments made by 
others, the writer has about come to the conclusion that 
there is no such thing as a fixed relation between grate area 
and heating surface, suited even to average conditions. 

Among the things to be taken into account, in fixing 
the grate area, are. 

The quantity of water to be evaporated. 

The kind and quality of fuel to be used. 

The details of the boiler and setting. 

Whether a natural or forced draft is to be employed. 

Whether the water used will form scale. 

The ability and faithfulness of the fireman. 

The theoretical grate area may be fixed when the first 
three of the above conditions are known ; subject, how- 
ever, to the modifying influences of the other three. 

There are several empirical rules for fixing the grate 
area, among which may be mentioned that of Armstrong, 
whose rule it was, to allow a square foot of grate area for 
each cubic foot of water to be evaporated per hour, and 
one square yard of heating surface per horse power, for 
ordinary coal. The grate area might be lessened to three- 
fourths of a square foot for good coal, and to half a square 
foot for the best coal. 

Another rule is, to divide the number of pounds of 
water to be evaporated per hour, from and at 212° Fahren- 
heit, by the following numbers, which will give the area in 
square feet : 

If for cylinder boileri*, by 75 

For flue boilers, by 77 

For horizontal tubular boilers, by 78 

For vertical tubular boilers, by 79 

For locomotive and portable boilers 80 

The amount of coal burned per hour, per square foot of 
grate surface, is, for stationary boilers with natural draft, 
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BilumioouB coal..., 
Remi anthracite... 
i anthracite.. 



, 10 to 25 |)0UDds. 

. 10 to 20 pounds. 

8 to lli pnunds. 



a forced draft is used, these figures may bej 
rallied, if iieceesary, in which case thicker fires should be' 
nsed.and will require greater care ia firing, that the heat 
may not be waated by the strong draft. 

The rate of combustion per hour per square foot of r 
grate beiug knowo, the area of grate surface may be 
approximately fixed as followa: 
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drafi, .oevir.fi.poilb. ul coal. 



'7hese numbers are nearly the reciprocals of the num- 
" of pounds of coal burned per hour per equiire foot of 



A common method of fixing the area of grate surface 
is to build the furnace walls from four to four and a half 
inches distant from the side of the boiler, the length 
of the grate varying from forty-two inches to six feet. 
Table LXVIII gives tlie sizes used by the writer in 
ordinary boiler settings; the area is larger than is necea- 
atiry for good coal and for a quick draft. The best way to 
rednce it is to lay a course of brick work along each side 
wall nntil the area is such that the most economical rate of 
combustion is secured. In this way the area of grate may 
be suited to the local conditions which affect any particular 
ca«e, bat will famish no reliable data for another section i 
of the country, or one in which the fuel, draft ami atten- 
tion to tiring may he diflerent. 

Japoraiicn — lu order to evaporate a given quantity otM 
r ID a givvn time two things are to be taken i 
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account — first, the area of heating surface, and, second, the 
average rate of transmission of heat per square foot of 
surface. Evaporation is commonly reckoned by the num- 
ber of pounds of water which one pound of net combusti- 
ble will convert into steam at atmospheric pressure, the 
feed water being supplied and evaporated at 212® Fahr. 
Other things being equal, it would be expected that the 
boiler which presents the greater amount of heating sur- 
face would evaporate the greatest quantity of water; prac- 
tically, the rate of evaporation varies considerably for dif- 
ferent parts of the same boiler, the portion nearest the fire 
evaporating the most water in any given time. The clean- 
liness of the boiler, both external and internal, has much 
to do with the evaporation. If a coating of soot accumu- 
lates along the lower side of the boiler, or in the flues, it 
will interfere with the transfer of heat, because soot is a 
bad conductor. If a coating of scale accumulates inside 
of the boiler it will also interfere with the rapid transmis- 
sion of heat, for the reason that scale, like soot, is a bad 
conductor, and coming in between the iron and the water 
prevents the latter from receiving the heat transmitted 
through the boiler plates. Neither of these can be taken 
into account in determining the theoretical evaporating 
capacity of a boiler, because of the constantly varying 
quantities of these two non-conductors. 

It has been demonstrated, experimentally, that one 
pound of good coal will evaporate, under favorable condi- 
tions, from nine to twelve pounds of water from and at 
212° Fahrenheit. The rate of evaporation, per square foot 
of heating surface, will vary from 1.5 to 9 pounds. The 
actual rate of evaporation, per square foot of heating sur- 
face, for the difterent kinds of boilers, varies within such 
wide limits as to practically render worthless the formulas 
bearing on this subject. 
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The following tables (LIX and LX) may be of use, 
however, in approximating equivalent evaporation for dif- 
ferent temperatures of feed water between 32° and 212° 
Fahrenheit: 

TABLE LIX. 

PKOPERTIES OP SATURATED STEAM. 



PR ESSE RE. 


d"rJe8, 


„„«.. 


T. AT EST 


■^«,^»"d'to 


ZTl 


TOTAL. 


WATER. 


IE. 


*T a""" 





15 


212.0 


1642 


26.36 


965.2 


1146.1 


5 


20 


228.0 


1229 


19.72 


952.8 


1150,9 


10 


25 


240.1 


995 


15.09 


945.3 


1154.6 


15 


30 


250.4 


838 


13,46 


937.9 


1157,8 


20 


35 


259 S 


726 


11.65 


931.6 


1160,5 


■25 


40 


267.3 


640 


10.27 


92C.0 


1162.9 


30 


45 


274 4 


672 


9,18 


920.9 


U65.1 


35 


50 


281-0 


618 


8.31 


916.3 


1167.1 


40 


55 


287.1 


474 


7.61 


912.0 


1169.0 


45 


60 


292.7 


437 


7.01 


908.0 


1170-7 


60 


65 


298.0 


405 


6,49 


904.2 


11723 


55 


70 


302.9 


378 


6.07 


9008 


1173.8 


«0 


75 


307.5 


353 


5.68 


897.5 


1175.2 


65 


80 


3 J 2.0 


333 


5.35 


894.3 


11 70.5 


70 


&5 


316.1 


3i4 


5,05 


891,4 


1177.9 


75 


90 


320.2 


298 


4.79 


888.5 


1179,1 


80 


95 


324.1 


283 


4.55 


885.8 


1180.3 


85 


100 


327.9 


270 


4.33 


883.1 


1)81.4 


90 


105 


331.3 


257 


4.14 


880.7 


1182.4 


95 


110 


334.6 


247 


3.97 


878.3 


1183.5 


100 


115 


338.0 


23.7 


3.80 


875.9 


1 184.5 
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TABLE LIX—CoNTiKUED. 



PRESSURE. 


TEMPERA- 
TURE IN 
FAHREN- 


VOLUME. 


LATENT 
HEAT IN 
FAHREN- 


TOT A I. HBAT 

RKQUIRKD TO 

OBHBBATB ONB 


BY 




COM- 


CUBIC 
FEET OF 


POUND OP STBAM 

FKOM WATBR 

AT 32^ 


STEAM 
OAUOE. 


TOTAL. 


HEIT 
DEGREES. 


PARED 

WITH 

WATER. 


STEAM 

FROM ONE 

POUND OF 

WATER. 


HEIT 
DEGREES. 


PAHRByHRIT, 

UHDBR CONSTA5T 

PRBS8URB. 

IN HBAT VHITS. 


105 


120 


341.1 


227 


3.65 


873.7 


1185.4 


110 


125 


344.2 


219 


3.51 


871.5 


1186.4 


115 


130 


347.2 


211 


3.38 


869.4 


1187 3 


120 


135 


350.1 


203 


2.27 


867.4 


1188.2 


125 


140 


352.9 


197 


3.16 


865.4 


1189 


130 


145 


355.6 


190 


3.06 


863.5 


1189.9 


135 


150 


358.3 


184 


2.96 


861.5 


1190.7 


140 


155 


361.0 


179 


2.87 


859.7 


1191.5 


145 


160 


363 4 


174 


2.79 


857.9 


1192 2 


150 


165 


366.0 


169 


2.71 


856.2 


1192.9 


155 


170 


36S.2 


164 


2.63 


854.5 


1193.7 


160 


175 


370. S 


159 


2.56 


852.9 


1194.4 


1G5 


180 


3712.9 


1 55 


2 49 


851.3 


1195 1 


170 


185 


375.3 


151 


2.43 


849.6 


1195.8 


175 


190 


377.5 


148 


2.37 


848.0 


1196.5 


180 


11)5 


379.7 


144 


2.31 


846 5 


1197.2 



The above table gives the values of all the properties 
of saturated steam usually required in any calculations 
connected with steam boilers ; and by the aid of the next 
table, taken from Professor Rankine's Treatise on the 
Steam Engine, the equivalent evaporation from and at 
212° may be easily determined, the actual number of pounds 
of water evaporated per pound of coal and the temperature 
of the feed water being known. 
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Me- 
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tar 


i.ai 
i.aa 


1.^ 


i.n 


i.a> 


;•;: 


1,12 

US 


I.W 

I.ID 


l.US 
1.09 


l.Dfl 


1.14 
I.W 

1.06 


1.00 

i4 


The use of the above table wiil be illustrated in the ^H 

solution of the following example : ^H 

A boiler evaporates nine poumls of water per pound of ^H 

coal, the feed water being 68^* and the pressure of steam ^H 

one bnndred pounds per square inch ; what is the equiv- ^H 

ftlent evaporation from and at 212° ? ^H 

The temperature of steam cor responding to one bun- ^H 

lired pounds pressure, as seen from table LDC, is 338". ^H 

The factor of evaporation corresponding to this temper- ^^M 

atare, the feed entering the boiler at 68°, according to ^^M 

tohle LX is 1.19, which, multiplied by the pounds of water ^H 

evaporated, will be 1.19x9 = 10.71 pounds of water per ^H 

pound of roal. ^^^ 

^^ If any particular type of boiler had a regular rate of ^^| 

^K|mK>ration per square foot of heating surface, a series of ^^| 

^^B^might easily be calculated by which the probable^^H 
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performance of a boiler might be given in advance of its 
manufacture, or if the rate of the transmission of the heat 
through the plates to the water was anything like constant, 
it might prove a useful factor in boiler calculations, but, 
unfortunately, neither of these have any practical value 
except for the first few days the boiler is used after com- 
pletion. 

The following table and rule from Northcott's Theory 
and Action of the Steam Engine shows the approximate 
mean rates of transmission of heat per square foot of heat- 
ing surface per hour, corresponding with various degrees 
of efficiency, and for the principal classes of boilers used 
in practice: 

TABLE LXI. 

SHOWING MEAN RATE OF TRANSMISSION OF HEAT THROUGH BOILEB 

PLATES. 





INTERNALLY FIRED BOILERS OF THE 








CORNISH AND LANCASHIRE TYPES. 




LOCOMOTITE 








cnnn ti'tii'I \n 


nnii FR^ 


EFFICIENCY. 


SLOW COMBIS- 

TlDX AND 

SLClifnSH 

CAS AND WATER 

CIUdLATION. 


WITH cool) 

CHLMNEY DRAFT 

AND 

CI KCr LATINO 

TIHES IN FLUES. 


BOILERS 
WITH BRL'^K. 
CO.\IBCSTION. 


WITH .STRONG 
STEAM BLAST 

AND RAPIl) 
COMBI'STION 




2,200° FAHR. 


2,000° FAHR. 


3,000° FAHR. 


3,500"* FAUK. 


.50 


12,00<) 


15,000 


20,000 


30,(K)0 


.55 


9.000 


12,000 


10,000 


23.000 


.60 


G.OOO 


9,000 


12,000 


17.0(K) 


.05 


4,500 


7,000 


9,500 


13,500 


.70 


3,000 


5,000 


7,000 


10,000 


.75 


2 300 


4,(K)0 


5,500 


8,000 


.80 


1 ,500 


3.000 


4,000 


G.lKX) 


.85 






3.300 


4.800 


90 






2.500 


3,500 
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If we wish to know in advance what area of heating I 
surface wouM be required in a tubular boiler to carry lOO 
poimda of steam, and evaporate 00 cubic feet of water 
per hour, we first reduce the cubic feet of water to pounda, 
thuB:*62.5X60^=3,750 pounda of water to be converted intO' 
Bteam. By referring to table LIX, we find the total heat I 
required to generate one ]>ound of steam from water at 32° I 
Fahrenheit, in heat units, to be 1184.5; tlien, 118-1.5X3750 i 
=4,441.875. If the efficiency of the furnace be .70 we , 
find 7,000 in table LXI to be the mean rate of transmission ; i 
;hen *Wift' * = ^^^ square feet of heating surface required. , 
This would reiiuire a tubular boiler, eay 48 inches diameter | 
X14 feet long, with 50 three-iuch tubes. 

Rpi.B — To ascertain the area of heating surface of a 
proposed steam generator, multiply the quantity of water 
to be evaporated in pounds by the heat expended per " 
[lounil of steam. This quantity divided by the mean rate 
of transmission, as given in tuble LXI, for the required 
iltgree of etficieucy, gives the area of heating surface in 
square feot. 

Horse poioer of boilers — Perhaps no more unsatisfactory 
Doit has ever been employed than that of liorse power us 
B unit of meafiuronient for steam boilers ; and so long as it 
IK applied to engines it will be, in all probability, applied 
lo boilers. This term is in such general use among build- 
ers and users, alike, that it would be extremely difficult to 
lubstitate another rating to take its place. It lias been 
proposed to rate boilers by their extent of heating surface. 
There is no particular objection to this, if heating surface 
*M u thing of rtpecific value. Boilers not only vary among 
thflitiBelves in the value of heating surface, l)Ul it is not of 
ftioal value in the same boiler. It lias also been proposed 
to rate boilers by the amount of wiitcr evaporated into dry 
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Steam per hour. This is not altogether satisfactory, ft>f 
evaporation is dependent upon otherthings than the boiled 
itself: for example the construction of the furnace or 
boiler setting will have a marked influence on the rate of 
evaporation. The volume and force of the draft, together 
with the arrangement and size of the grate furnace, will 
also have much to do with the evaporation. The condi- 
tions of the heat absorbing surfaces, whether covered with 
scale on the inside or soot on the outside, will affect the 
rate of evaporation in a marked degree. The kind and 
quality of fuel used, the pressure of steam, and the tem- 
perature of the feed water are all hindrances. 

Boilers are usually made to furnish steam for an engine. 
It is the horse power of the engine which fixes the size of 
the boiler. If it is a high grade, automatic cut off engine, 
the quantity of water required will vary from one-third to 
one-half a cubic foot of water per hour per horse power. 
If an ordinary slide valve engine, one cubic foot of water 
per hour per horse power; and there are direct acting 
pumping engines which require as much as two cubic feet 
of water per hour per horse power. 

Neglecting the latter, which of the others is to be taken 
as the standard of evaporation? 

All things considered, perhaps the best practice is to 
allow one cubic foot of water per hour per horse power. 
This will be ample for ordinary slide . valve engines, and 
will furnish a surplus of power often needed in the case 
of cut off engines. 

How much heating surface shall be allowed for this 
evaporation for different kinds of boilers? 

There is a rule of thumb, which has long been in use 
and is still used (within very slight variations) in almost 
every boiler shop in the country, and is as follows: 
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Cylinder boilew 9 

Floe boilrra , 12 

' TnbuUr boili*™ „ 15 

WaiW rule for the horse power of boikrs — One square loot * 
of grate surface, one square yard of heating surfacrc, oue- 
hdr ft sqnare jartl of water surface, represent one horse j 
|K>wer: and these dimensions will sQiHce to evaporate one i 
cabio foot of water per hour. 

The one square yard of heating surface has no refer- 
eoec to llie ordinary flue or tubular boilers as now cou- 
j^truvted. It wii5 intended for the Waggon boiler, now 
''^ plete. 

Another rule for tubular boilers is. 

ICnltiply the number of square yards of heating surface 
be area of grate surface in square feet, and extract the | 
isre root, raaltiply this by 1,8 = H. P. of the boiler. 

r Another rule for internally tired boilers of the Cornish j 
X Lancashire types is, 
J Multiply together the square yards of heating surface 
E:tbe boiler, and the grate area in square feet, and extract i 

kflqnare root ^ U. P. of boiler. 

r Another rule for cylinder boilers is. 

k Divide the sei^tional area of the boiler tiy 6 — H. P. of , 

iller. 

Another rule for steam boilers, where the rate of evap- 
tion is assumed, and thus tixing tlie area of grate sur- 
9 in square feet for any given boiler, the heating surlaca ! 
K|iuu-e Feet may be found as follows : 
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Professor li. 11. Thurston estimates that for the best 
steam engines (those using high pressures and working 
expansively), the quantity of water required to be evapo- 
rated per hour, per horse power, is equal to the constant 
150, divided by the square root of the pressure. The horse 
power is to be understood as that furnished by the indi- 
cator. The quantity of water required for the best Corliss 
engines, for example, using steam at one hundred pounds 
pressure, would be ascertained by this formula, as follows : 
Square root of 100 = 10 ; then, X^ = 15 pounds of water 
required per hour, per indicated horse power, or about ^ 
of one cubic foot. This, it should be understood, takes no 
account whatever of the losses incident to the generation 
of steam, but shows what the demand of the engine is 
upon the boiler. For good engines he increases the con- 
stant to 200. This would give for the same pressure twenty 
pounds of water, which accords closely with good average 
practice for high grade engines. 

By carrying this still further a constant of 350 might 
be employed for slide valve engines. This class of engines 
use steam of lower initial pressure, and with less economy 
than those above referred to. The usual point of cutting 
off is two-thirds stroke, which allows but one-third for 
expansion. If an initial pressure on the piston be assumed 
to be fifty pounds, or to get rid of a fraction we will say 
forty-nine pounds, we have : Square root of 49 = 7; then, 
^4^ =z 50 pounds of water required per hour, per horse 
power, or nearly five-sixths of a cubic foot. 

Circulation — The power of a boiler is more dependent 
upon a pro[)er circulation of the water in it than is gener- 
ally believed, or more attention would be paid to it in 
boiler design. When heat is applied to the shell of a boiler 
a movement takes place in the water, and there is a motion 
of the particles, in which the heated ones below change 




places with the cooler particles above. Tins always takes I 
place in any tcsrgI when heated from below, and is the 
particular movement known as convection. The move- 
ment of these particles of the water upward not being the 
same thronglioiit tlie boiler, causes a movement of the 
whole body of tlie water l>y producing upward currents 
in one portion and downward ourrentB in another; it is 
this movement of the water which ia to be nnderstood as 
circulation, and not the movement of the heated particles 
changing places among themselves in the water. It ia by 
theee two combined movements, convection and circula- 
tion, that heat is diffused throughout the whole body of 
:ernud it3t«mperature raised to a point where ebullition 
ina, accompanied by evaporalion, 
EWater is not a good conductor of 
; in fact, it is a very bad one. A 
(ftlltar laboratory experiment to prove 
I is take a long glass tube closed at I 
[flower end, till it with water, incline 
t a suitable angle, and place a spirit 
Bp under the upper end ; in this way 
lie water in the upper portion of the h"lbe j: 

tube maybe made to boil, while the water at the lower end 
will have scarcely risen in temperature. But if the heat 
jiplied to the bottom of the tube, the contents will soon 
become heated, the bottom particles first; 
these expand because of their increased 
^■••••* A temperature, and being somewhat lighter 
lljSSJJJJ JJ/I than the other particles, are forced np wards 
(f2J!!i??V through the superior density of the colder 
water above. This process of convection 
[jFnaraBW, is eontinuiilly increased until rapid circula- 
i ia established, which will continue so long as the con- 
ons favorable to it remain. 
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Cylinder boilers are moet favorable to arcalatioa be- 
-caaae of the entire abseDce of tubes or flaes, which always 
tend to impede it. If the temperature were aniform 
throughout the whole length of the boiler, the ebuIlitioD 
would also be going on the whole 
length, but as the boiler is heated at 
one end the difference in temperature 
between the two ends may vary from 
8,000° at the furnace to 800° at the end 
\ *^-?«*-*.*J^* / where the gases pass into the chimney; 
consequently the water at the furnace 
FioukKW ^^^ °^ *'*® boiler will be more highly 

heated than at the other end. It is 
to be expected, and actually occura, that the ebullition is 
more violent at this portion than any other in the boiler* 
It has the effect to raise the water level somewhat, and 
thus causes a surface flow from the front to the back end 
of boiler, thence downward to the bottom and along the 
shell to the furnace. This longitudinal circulation is favor- 
able to rapid evaporation. 

A very common form of boiler is shown in figure 47. 
When heiit ia applied directly underneath, 
the flow of water will be upward between 
the flues and down the aides. If more heat /j**** ••••'A 
be applied to the sides than nnderneath, v 
the current of water is changed, and the -^17—^-7. 
downward flow is througli the center and ^=*:=rf=*^ 
between the flues. Circulation is most dif- fi<hj««.w. 
ficult in tubular boilers when the tubes are arranged zig- 
zag, ad shown ia figure 4!). The upward circulation is 
interfered witli by the water alternately impinging against 
the tubes, and thus changing its course between each hori- 
zontal row. A belter arrangemeTit ia siiown in figure 48, 
in which the tubes are placed in vertical rows, and still 
better, when the middle row of tubes are taken oat, as 






shown in figure 50. The circaiation is then analogous to 
that de&cribed for floe boilers. The following abstract 
from a paper on the Circulation of Water in Steam Boil- 
ers,* IB from the pen of Mr, Robert "Wilson: 

*-' When, for the purpose of increasing the extent and 
efficienov of the beating surface, 
the large body of water U divided 
into sraaller sectiuiis. connected 
by water passages, anothermoTe- 
ment of the body of water is tisn- 
ally set up. In a Galloway boiler, 
for instance (see figure oil, there 
is, besides the ebullition, a move- 
ment of the water in some of the 
tapered tubes, which is due to the difference in the weight 
of two columns of water of the same height, but of differ- 
ent density, the lighter column being inside the tube and 
the heavier uniaide. In the lubes jtist behind the bridge, 
which are e-tposed to the highest temperature, tlie water is 
more highly heated and more dilated than that in the water 
spaces at the sides of the boiler. The nnbalanced weight 
of the fatter causes the water in the tubes to rise, and so a 
movement is set i^p. which becomes a continuous circula- 
tion 80 longas the necessary conditions exist. This upward 
motion of the whole body of water in the tube we may call 
draut/ht circulation, which goes on at the same time ae 
ftod independently of the ebullition. It is this draught 
circulation that carries away the solid nuitters which are 
precipitated by the ebullition. Where there is simply ehuU 
lilion, Ihe heating surfai;ea become coated with incrusta- 
tion, where the nature of the feed water is snch astofjivor 
ita formation. In Giilloway boilers this ia shown bv tlio 
lliiekness of the incrustation in the tubes, increasing' with 
the dimunition of Iho draught circulation as wo recede 
from the furnace. 

• Fmm i:nglne«rlii|!. 
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*^The great accumulation of iucrustration at theback 
end of these boilers is also in some measure due to the 
"tidal'* circulation depositing the solid matters here which 
have been -precipitated nearer the furnaces. When the 
"draught" circulation in the Galloway tube near the fur- 
nace is arrested by, for instance, a Ho[>kin8on safety valve 
float swaying a few inches above the mouth of the tubes, 
incrustation rapidly forms, in spite of the ebullition that 
goes on, and which is usually but wrongly credited with 
the merit of preventing scale from accumulating. 

" The shape of the tapered tube, with its greatest diam- 
eter at the top, whilst it favors the ebullition and the free 
escape of the steam particles as they are formed on the sides 
of the tube, at the same time reduces the rapidity of the 
draught circulation as the square of the increase of diam- 
eter. Now, as the carrying away of the solid matter, 
which is deposited by the evaporation of the water, is 
mainly dependent upon the efficiency of the draught cir- 
culation, it follows that bj' reducing the draught efficiency 
the taper of the tube favors the formation and accnniula- 
tion of incrustation, wliich impairs the efficiency of the 
heating surface of the tube. It would, therefore, appear 
that in some cases the tapering may actually tend to defeat 
the purpose for which the tube is introduced. It has 
hitherto been considered that a vertical taper tube is theo- 
retically bettor calculated to promote the generation of 
steam than a vertical straio^ht tube. But as the theory on 
which this conclusion is based does not take account of all 
the processes involved, its correctness is more than ques- 
tionable. Of course, the practical constructive advantages 
and facility for cleaning afforded by the taper shape must 
be taken into consideration, as well as the amount of taper 
in proi>ortion to the length of the tube, the position of the 
tube in the boiler, and the nature of the feed water, in 



/ 



CIRCULATION OF WATER. 217 

determining wliether a taper tn])c is l)ettcr tlian a straiglit 
one in anv jriven case. 

*'In some cases we might, with advantages, even reverse 

tlietajjer in order to promote the draught circulation, upon 

which is dei)endent, in some measure, the warming of the 

hrge bo<ly of dea<l water in boilers without external flues 

and having the Are grate above the shell bottom. The 

warmins: of this dead water is also slowlv effected bv the 

tidal circulation and bv the diffusion downwards of the 

heat from the furnace, which takes place when the lieat is 

imparted to the body of water more rapidly than it can be 

carried away by the convection upwards, wliich flrst takes 

place. 

"When' there are many vertical tubes, as in a Galloway 
boiler, it will depend upon the relative areas of the side 
water spaces and of the tubes, the temperature of the gases 
in contact with the vertical and horizontal tubes at any 
given moment, and upon the condition of the heating sur- 
face, whether tliere will be an upward or downward cur- 
rent in the tubes near the back end of the boiler.'' 
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CHAPTER X. 



EXTERNALLY FIRED BOILERS. 

Oylinder Boilers — Safety and Economy of— Vertical Cylinder Boiler— 
The French or Elepliant Boiler — ^Two-flue Boilers — Five-flue Boil- 
ers — Boilei's fitted with six-inch lap Welded Flues — Test of a Flue 
Boiler — Tubular Boilers — Anttngement and number of Tubes — Pro- 
portions for Shells — Grate Area — Coal required per hour — ^Tube 
Area — Evaporative Power of Tubular Boilers — Compqund TubuUr 
Boiler. 

Externally fired boilers — The simplest form of a boiler is 
a plain cylinder set in brick work. This type of boiler is 
largely used in sections of the country where coal is cheap, 
or in the lumber regions, where sawdust and slabs are used 
as fuel. In many cases where fuel is abundant and cheap, 
the feed water hard and apt to form a troublesome scale, 
cylinder boilers recommend thomselvfts as being at once 
easily managed, easily cleaned, offering, with the exception 
of the sphere, the strongest possible form to resist burst- 
ing, and aifording the readiest facility for examination and 
repairs; and, for a given weight or efficiency of heating 
surface, the lowest priced boiler that is now in the market. 

These boilers steam well, and prime less than any other 
form. In mining and lumber regions they are especial 
favorites, and it would be difficult to displace them, espe- 
cially if the feed water is impure. They are also exten- 
sively used at blast furnaces, and less so, perhaps, in rolling 
mills. 

An argument used against externally tired boilers is, 
that the plates immediately over the furnace are liable to 
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Iweotae overheated either by too hard firing or by the 
•ccnmalntioti of scule in the boiler: the pressure being 
interuftl, ttie tendencj' to rupture being tliat of bnrstiug. 
The {iliite^ ure uone too strong to begin with, ami being 
further wcukened by overheating they become dangerous 
U the extreme, and are thus liable to explode at any time 
*heu overworked. 

There is much of a showing of trutli in the statement, 
lot fortanntely it has not been veritied in actual experi- 
wiee. That explosions of exerually fired boilers brought 
about by the overheating of plates has occurred, is not 
denied. Whether the disastrous effucta are more or less 
Aan that OGCaaioned by the collapse of the main flue of an 
internally tired boiler doea not concern us. If the ques- 
tion be resolved to that of absolute, and not relative safety, 
tni it were asked wbetlier any form of riveted boiler, 
either externally or internally fired, could be niaile abso- 
btely aafe, tbere could be but one answer, and that — no. 
[t becomes tlien a matter of relative safety. This can be 
lecured only by a careful selection uf plates and the best 
uuportiona and workmanship. The writer has gone over 
bis ground very carefully, and is of the opinion that, if 
roo is used having a tensile strength of not less than 
0,000 pountls, or steel having a tensile strength of 60,000 
a 65,001) poonds, the longitudinal seams double riveted, 
U the rivei holes carefully matcliing each other, and the 
rorkmanship good throngliont, that the pressures given in 
ablox Xf^VlI and XLIX are none too high ; and if the 
loitor is properly liri-d and taken care of, there need be no 
pprebonsiuns as to its safety. 

Cylinder boilBra commonly range between thirty' and 
jrty-two iuches in diameter, and in length from eiglit to 
ivelve diameters. The great length given this type of 
oilor over those fitted with Sues or tubes is to present a 
reater surtJiee for the absorption of tbe heat from the 
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gases. These boilers are usually set in " batteries " of fpora 
two to six. The latter is too many, the former making 
a far better arrangement, and will also permit cleaning or 
repairs to be made without interfering with the others in 
use. 

The usual mode of setting these boilers is to have them 
suspended in the furnace. For this purpose special forg- 
ings or pieces of T iron are riveted to the upper portion of 
the shell, one-fourth the length of the boiler from each 
end, where two suspension bolts are to be used. If more 
than two, they are so disposed as to have each bolt bear 
its proportion of weight. These suspension bolts are car- 
ried up between a pair of wrought iron beams or castingsi 
which span the furnace, and adjusted by means of nuts and 
washers to the required level. The writer does not, in 
general, recommend more than two points of suspension, 
on account of the distortion of the boiler, caused by the 
unequal heating of the lower and upper portions of the 
shell. 

An argument used against cylinder boilers is that, they 
are not eeononiieal in the use of fuel. There is much of 
truth in this assertion ; but less attention is, as a general 
thing, paid to the setting of cylinder boilers, and which 
will, in a measure, account for their lack of economy. As 
a rule, the fnrnaces are too large, as is also the space under 
the boiler and the openings leading to the chimney; the 
draft being regulated at the ash pit door in the fire room. 
This is far from the best way of getting the greatest evap- 
oration in a cylinder boiler. There should be a wall at the 
hack end of the boiler similar to that shown in the 
engraving of tubular and flue boiler settings. Such a 
wall will compel a flow of gases from the furnace to keep 
in close contact with the shell of the boiler. Immediately 
back of the end of the boiler should be placed a damper, 
and should, b}^ means of a rope or other device, be so 
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rmni^ that it coulil be opened or closed at will. This 
}wn]>er itlioiikl be 30 uiljui^ted tbat the flow of gases from 
Ihc ftiraaou shiill only be tliat tieceaaary to supjily the barii- 
ii^ fuel witli oxygon. This will be found to yield better 
iresulta tliuii keopini^ tbe damper wide open and regulating 
lti» fiipply of air tbrough the ash pit doora. 

The following deaeriptiou, from Engineering, of the 
Gfliiider boilers of tlie Cumbria Iron Company, Johnstown, 
Ph., by Mr, A. L Hoiley, may bo of intorest to many: 
"The furnace ia supplied with steam by eight cylinder 
boilers, each sixty feot lung tiiid forty-eight inches in dinm- 
Cler. The boilers are atit in pairs, each connected below 
Meach outside sheet by short crosa boilers, tliirty inches 
io diameter and six feet long, with aixteen-incb connec- 
tiona. The gases* are admitted at the ends of the boilers 
into comhuAtion chambers, similar to those in the I'layer 
Mov«8,and thence they pass through tines under the boilers. 

"To provide for emergencies a tiring grate, six feet 
square, is placed twenty feet from the ends of the boilers. 
Each pair of boilers is bung on wrought iron turned arches 
Mipportcd by aide walls. The boilers are suspended by 
[foits rtisting on spiral springs, and are perfectly free 
Iwtween the walls; there is no trouble resulting from 
txpunsion iitul i;antractiou. The crosa boilers have each a 
>raach, ten incites in diameter, extending through the side 
iralls, witli four-inch spaces all around them, the space 
}e\Bg covered with loose plates of iron. The branches 
■eceive the feed water, and also serve to connect the blow 
0^ which is inserted in (be neck far enough to be bent, so 
M to reach the lowest point of tlic crosa boiler. This 
imMigement eoahlce each croaa boiler to be blown oiF sup- 
iralely. The feed pipe is ten incbea in diameter, having 
with each crosa boiler. The boilers are so 
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arranged that any pair can be cat ofi for any parpoae « 
oat'interferiDg with the working of the ftarnace." 

Vertical cylinder boilers — Messrs. Boaglas & Sons, I 
burg, Fa.,have put in several of their patent vertical cyli 
lifiilers in tlmt t-ity, fltid at Toungst 
Ohio, OH a plan which may be ne 
many of the readers, bat which p 
, from what the writer is able to 1 
to be a success. Figure 52 showi 
boiler arniiigecl to receive the waste 
from a pmldling furuace. The \ 
itself is a plain cylindrie vertical ( 
a short diHtance below the water 
say twelve inches, a head is inserte* 
another cylinder added of such h 
as may be needed for the steam i 
This smaller cylinder 
inches less in diameter 
the larger, ortwice the ' 
a brick built ai 
the steam i 
as shown i 
engraviag 
object of tfa 
_ . brick ai 
; the steam 
— ° is to pr 
the inteuw 

from destroying the iron, as it is sure to do when r 
contact with the water. Enough heat passes throng 
fire biick, however, to slightly superheat the steam, i 
thus furnished tjie engines perfectly dry. . 

An opening lie made in the side of the boiler a 
convenient distAice from the bottom and a special 1 
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»tlached. tlirongl] which tlie gauge cock iiipes pass, Tlicsfl 1 
are, as usual, three in number. The tirst nms up to within J 
HZ feet, the second to eeven feet and the third to within 1 
■gbt feet of tlie top of the boiler. The Bteniu pipe is also 1 
fetched to this titti[ig, nnd passes up to within six inclies J 
of the top. 

The boiler is encased in a sheet iron stack large enough 4 
tA be lined with four and a hiUf inch brick wall, aud leaves d 
a five inch fire space between boiler and brick. Then 
hole ia at the bottom of tlie boiler, and the blow off valve \ 
wnnect^d to the lower bead of boiler. By this method of 1 
tetting it is possible to work cold water into the boiler -( 
without injury, by introducing it below the heating surface. 
Scales or dirt do not adhere to the sides of the boiler, but 
fall to the bottom, I'roni which they are ensilj' removed. 

7'he Prench boiler — This ia also culled tlie Elephant 
Iwiler. It is extensively used in France and on the conti- 
nent of Europe. The writer ia not aware that any are in 
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tliis country, Tiii^ boiler is an ussemblaffe of two 
OP three smaller cylinder boilers and a large shell into one ' 
■tnictiire. It will bo observed, by referring to figures 53 
and 64,tbftt the loweroylindcrs or tubes are tilled with water 
and almost wholly surrounded by heated gase^. These lower 
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cylinders have suitable connectionBto 
permit a free and rapid circulation of 
water between them and the larger 
cylinder above. The number of lower 
eylindere varies from one to three, but 
commonly two. The particular boiler 
■ ^ -^- illustrated here ie a representation of 

^^^^^J the one used in the famous experiments 

^^^^^ at Mulhouae, the principal dimensions 

being as follows: The main body of 
this boiler* is 20 feet 6| inches long 
FiouKK s). 1j^ 3 ^^^^ g 9 iucheg in diameter, and is 

made of half inch plates, except the ends, which are 0.55 
inch thick The three lower cylinders are 19.7 inches in 
diameter by 32 feet 9| inches long, and are made of 0.89 inch 
plates, while each communicates with the main body of the 
boiler by three connecting tubes. The grate is 4 feet 9^ 
inches in width by 4 feet 9-^ inches long. This include) 
6.7 inches taken up by the bearings of the bars. Taking 
the effective length of the grate, 4 feet ^fg inches, the area 
is 20.05 square feet. The heating surface of the boilers is 
607.6 square feet, divideil as follows: 



Surfoce exposed l>_v main body of boiler 

iSurfupe oximsed by tbrpo lower cylinders.... 
.Surface exposed by iiinp connecting pipes... 



1107.00 

The setting of this boiler is arranged as shown in the 
engraving, so that the products of combustion act first on 
the surfaces of the three lower cylinders, then return to 
the front end, along one sitle of the main cylinder, and 
finally pass to the ciiinmey along the other side. This 
boiler was also provided with a *' butterfly " damper, 
worked by a lever provided with a sector. The areas of 



f 



♦ 



THE FRENCH BOILER. 



225 



opening of the damper corresponding to each notch of the 
sector was measured and found to be as follows : 



Sfoiberof notch. 

^wm in ■qom fast for <^iening. 


1 
0.825 


2 
a8»4 


8 
0.588 


4 
0.812 


5 
1.161 


6 

1.500 


7 
1.885 







The boiler was also supplied with the usual fittings. 

During the experiments a record was kept of the coal 
and water consumption, and observations were made of 
the temperatures of the gases entering the chimney, of the 
analysis of these gases, and of the quantity of water taken 
ofi, in suspension, by the steam. The following table gives 
the results obtained with both light and heavy firing : 

TABLE LXII. 

OnrmO AN ABSTBACT OF RESULTS OBTAINED BY EXPERIMENTAL TESTS 

XADB WITH THE FRENCH, OR ELEPHANT BOILER, 

DESCRIBED ON PAGE 223. 



^^^Oftl consumed per day of eleven hours 

^et combustible consumed per day of eleven 



hours 



^ater evaporated per day of eleven hours.... 

Bqaivalent evaporation from and at 212° per 
pound of coal 

Squivalent evaporation from and at 212° per 
pound of net combustible 

Equivalent evaporation from and at 212° per 
hour, per square foot of heating surface.... 

Weight oi air supplied per pound of coal 
consumed , 



LIGHT 
riRING. 



Mean temperature of gases entering the 
chimney • • 



2,449 lbs. 

2,117 lbs. 
18,800 lbs. 

8.97 lbs. 
10.37 lbs. 

3.28 lbs. 

14.89 lbs. 

425° 



HEAVY 
FIRING. 



4,435 lbs. 

3,811 lbs. 
32,696 lbs. 

8.60 lbs. 
10.02 lbs. 

6.71 lbs. 

14.37 lbs. 

563° 



n 



The above table shows a good rate of evaporation, bat 
it does not surpass that of a good tubular, wliich can be 
furuished for a gi-oat deal leas mouey tor the boiler itaell^ 
and acarL-ely balf as mueli for the setting in brick work. 

This boiler weighed, with Us accessories, 31,900 pounds, 
aud cost $2,141.22 for the boiler, and $5S0.80 for the set- 
ting, or a total cost of $2,722.02 
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Flue boilers — The transition from a cylinder to 
boiler is an easy and a niitural one, and probably suggeated 
itself a*, a means of utilizing the waste gases passing into 
the chimney. 

Two-flue boilers (figure 55) are in very common use in 
this country, and range in diameter from thirty-six to forty- 
eight inches; perhaps there are 
more forty-two inches in diam- 
eter than any other size. Tbia 
style of boiler varies in leD^tb 
from five to eight diameters. The 
diameters of the tluea approiti- 
miite very closely one-third of 
the iliuuicter of the shell. Thie 
boiler has been long tried, and 
has stood the test well. It affords 
good facilities for cleaning and 
inspection ; steams well and per- 
Ficiun 55. jj^jjg ^ good circulation of water. 

The following table (LXIU) gives the proportions aavd 
by the writer, and will be found to accord very closely with 
the best average practice. The heating surface is two- 
thirds of the circumference of the shell multiplied into tt« 
length, to which is added the whole surface of tbu fiaos. 
The weights given are for one-quarter inch in 
cases, for the shells, aud for the beads, as foIlowB 




36 ADi] 38 inches dinmcter i inch Ihiok. 

40. 42, 44, 4S itichea iliaiiieter ^'giiinh thick. 

48 incliQi iliametcr } inoh thick 

' The weights include a 9X1S man hole plate above, and-l 

band hole, or smaller ruan hole plate, below the flues; 

, the necessary stays and braces for the heads. The 

rights do not include a dome, or fixtures of any kind. 

These tabular weights agree so closely to the average 

actual weights of the boilers after completion that they J 

will be found Bufficiently acciiiate to use in making con-' 
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^moWIHG PROPORTION 


3 HEATING SURFACF 


AND HORSE 


POWER OP 


i 




TWO-FLUE BOILERS. 






1 •" 


n.iiEs, 


.™™„ 


™™-T. 


RaRS. 












nuMB- 

TKR. 


L>H.rH. 


DUKB- 

TBR. 


THICK- 


WHOl-K or 


i SHELL. 


12 ^KK. 


UfCHB«. 


KICeT. 


,srM^^. 


ixrsES. sqniRB rtST. 


.■OUSD8, 




36 


14 


12 


, 


176 


3,238 


14.7 


^ 


IS 


12 




201 


3,CI9 


16.8 


■ 


18 


12 


i 


227 


4,1100 


18.9 


■ 


20 


12 


J 


252 


4.381 


21,0 


w 


14 


12 




ISI 


3,364 


15.0 


1 


16 


12 ■ 




2fi6 


3.T57 


17.2 


■ 


18 


12 




233 


4,150 


19 4 


■ 


20 


12 




259 


4,.i48 


21,6 


■ 


16 






22a 


4,117 


19-1 


■ 


18 






25f. 


4.r..'.3 


21.3 


■ 


20 






284 


4,'JS7 


23,7 


■ 


22 






314 


5.424 


26,2 


■_ 


Z4 






342 


5,860 


28,5 
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«... 


™... 


SURFACI Of 

wHoti or 


t aRBU. 


BOR» 


DUMB- 

TBB. 


LKWOTB. 


BIAMK- 


NESS. 


12 FEET. 


WCBKS. 


FBKT. 


tNCH.a. 


IKGBBS. 


SqOlU PEET. 


POUNM. 




42 


16 






235 


4.243 


19.6 




18 






264 


4.700 


22.0 




20 






294 


5,157 


24.5 




22 






323 


5,614 


26.9 




24 






352 


6,071 


29.3 


41 


16 


16 




257 


- 4.561 


21.4 




18 


16 




288 


5,046 


24.0 




20 


16 




322 


5,531 


26.8 




22 






353 


6,016 


29.4 ■ 




24 






386 


6.501 


32.2 


46 


16 






270 


4,800 


225 




18 




J 


305 


5.311 


25.4 




20 






33y 


5,822 


28.3 




22 






373 


6,333 


31.1 




24 






407 


6,844 


33,9 




26 






441 


7,355 


36.8 


48 


16 


18 




284 


5,031 


23.7 




18 


18 




321 


5,566 


268 




20 


18 




356 


e.ioi 


29.7 




22 


18 




392 


6.636 


32.7 




24 


18 




427 


7,171 


35.6 




26 


18 




464 


7,706 


38.7 




28 


18 




490 


8,241 


41.6 




30 


18 




533 


8.766 


44.4 
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. Tbe thickness of Hues is ^ven in the table as \ inch in 
«1I eases. For diameters greater than 14 inches, -^ in 
may be used with advantage. It ia not an easy matter to ( 
make thick flues of small diameters, and, in conaequeDce, , 
tbcy seldom exceed J inch, except for very high pressures. I 
Tbe sheets are usually made for SO iueh lengths. IIowj 
much a circumferential seam of rivets, together with tbel 
double thickness of iron, adds to the strength of the I 
flue to resist collapse, when occurring at every 30 inches^ 
of its length, is not kuowu to tbe writer, and lio is not I 
aware that any experiments of that kind ou long tubesj j 
for diS'erenl thickness of metal, have ever been made. 

The following table gives the thickness of Hues used J 
by the boiler makers at Pittsburg, Pa., and allowed by I 
tlie Government Inspectors for boilers, although it U'| 
known tliat they are intended for river service, where 150 ] 
L to tbe square inch is not uncommon in emergencies: 



16 ilwhcM.... . 








UiiwbM 


27inrb 










11 inoljM 




9 inane* 




8ii.oh«. 

Tlnchcfc 


I.iiiidi 

Uinch 


BinchM 


lliiid. 



Fioejiiu boilers — Sometimee the flues are decreased ml 
diameter and increased in number for the sumo diameter] 
f flhell in order to carry a higher pressure than wouldl 
jKallowed in a two flue boiler. Il is a common practice, ■ 
Kaome sections of the country, to make a boiler with tive^ 
I shown in figure 5ti. They are shown in tbe ea«J 
■Tiog as being all of the same diameter. Tbe flues aM 
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often made of severul diameters for the same boiler, an^ 
will not vary much from sizes given below : 



46 inches .. 



J 2 — 10 inchM. 
I 3 — 8 tDchw. 
I 1 — 13 incb««. 
J 2 — 9 InehM, 



(2 — V liic)i«a, 

!1 — 12 inchnt 
2 — 10 inchos. 
a — « inuhe* 
I 1 — J4 incb««w, 

50 inches J 2 — 10 inclies. 

('2 — 8 inchea> 



4 



The above was intended for lap riveted flues. It is now 
possible to get lap welded flues, of large diameter; these 
being free from joints, perfectly 
cylindrical, and practically ani- 
form in quality, are recommend* 
ed us being in all respects supe- 
rior to the ordinary riveted flue, 
except the strength which the 
lap riveted joints gives the flues 
to resist collapse. When these 
lip welded fines are used, it is, 
on the whole, preferable to I 
the diameters the same for alt j 
fines, instead of having twq^ 
Fiooiiii M. three sizes, as given above. 

The following table (LXIV) gives the proport 
weight, etc., including all the details mentioned 
tion with the two flue boilers. As lap welded flues are not 
sold by weight, two columns are given in the table, in order 
to figure the shell by the pound and the tubes b 
The total weight is given for shipping or othei 
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TABLE LXIV. 

SHOWING PROPORTIONS, HEATING SURFACE AND HORSE POWER OF 

FIYE-FLUE BOILERS. 



SHELL. 


FLUES. 
DIAME- 
TER. 


HEATIXQ 
SURFACE, 
} SHELL 

AND 

WHOLE OF 

FLUES. 


WEIGHT. 


HORSE 


DIAME- 
TER. 


LENGTH. 


SHELL. 


FLUBS. 


TOTAL. 


rUWIbK 

AT 

12 FEET. 


INCHES. 


FEET. 


INCHES. 


SQ. FEET. 


POUNDS. 


POUNDS. 


POUNDS. 




36 


12 




185 


1.933 


746 


2,679 


15.4 




14 




218 


2,161 


871 


3.032 


18.2 




16 




246 


2,388 


995 


3,383 


20.5 


38 


12 




190 


2.045 


746 


2,791 


158 




14 




223 


2,286 


871 


3,157 


18.6 




16 




251 


2,527 


995 


3,522 


20.9 




18 




284 


2,769 


1,119 


3,888 


23.7 


40 


12 


8 


208 


2.139 


907 


3,046 


17.3 




14 


8 


242 


2,392 


1,058 


3,450 


20.2 




16 


8 


281 


2,645 


1,209 


3,854 


23.4 




18 


8 


314 


2.897 


1,360 


4,257 


26.2 




20 


8 


348 


3,149 


1,511 


4,660 


29.0 


42 


14 


9 


268 


2,506 


1,260 


3,766 


22.3 




16 


9 


307 


2,771 


1,440 


4,211 


25.6 




18 


9 


346 


3,034 


1,620 


4,654 


28.8 




20 


9 


385 


3,298 


1,800 


5.098 


32.1 




22 


9 


424 


3,562 


1.980 


5,542 


35.3 


44 


14 


10 


293 


2,617 


1,554 


4,171 


244 




16 


10 


333 


2,893 


1,775 


4.668 


27.8 




18 


10 


373 


3,169 


1,997 


5,166 


31.1 




20 


10 


414 


3,445 


2,219 


5,664 


345 




22 


10 


459 


3.721 


2,441 


6,162 


38,3 




24 


10 


499 


3.997 


2.663 


6,660 


41.6 
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TABLE LXIV— CovmruED. 



SHELL. 


FLUES. 

DUME- 

TER. 


HEATING 

SURFACE, 

} SHELL 

AND 

VTHOLE OF 

FLUES. 


1 

WEIGHT. 


HOBn 


DIAME- 
TEB. 


LENGTH. 


SHELL. 


FLUBS. 


TOTAL. • 


ruWE» 

AT 

12 FEST. 


INCHES. 


FEET. 


INCHES. 


SQ. FEET. 


POUNDS. 


POUNDS. 


POUNDS. 




46 


16 


10 


338 


3.048 


1,775 


4,823 


28.2 


• 


18 


10 


380 


3,339 


1,997 


5,336 


31.7 




20 


10 


421 


3.630 


2,219 


5,849 


35.1 




22 


10 


467 


3,921 


2.441 


6,362 


38.9 




24 


10 


508 


4,212 


2,663 


6,875 


42.3 


48 


16 


10 


344 


3,173 


1,775 


4,948 

« 


28.7 




18 


10 


386 


3,476 


1,997 


5,473 


32.2 




20 


10 


428 


3.779 


2.219 


5,998 


35.7 




22 


10 


474 


4,082 


2,441 


6,523 


39.5 




24 


10 


516 


4,385 


2,663 


7,048 


43.0 



Six inch flue boiler — Another arrangement of lap welded 
flues, and one which is already very popular in some sec- 
tions of the country, is to make a boiler with as many six 
inch flues as it will contain below the upper limit of tube 
surface. Figure 57 shows an end elevation of a forty-four 
inch boiler fitted with nine flues six inches in diameter, 
riveted at each end to flanged heads. If the heads are 
made of the best flange iron there is no diflSculty in flang- 
ing the flue holes within three inches of each other. 
Owing to the great difliculty in keeping the heads flat 
machine flanging is recommended. It is also recom- 
mended that one head be flanged in and the other flanged 
out. The flue holes shown in figure 57 are said to be 
flanged out; that is, they are flanged in the opposite direc- 




,■ kept ( 



The 



lion to the flange intended for the shell. To ihoee who 
bave never made euch a boiler It would appear impractic- 
ftble to properly rivet the flues at the rear end, or in the J 
head containing the flue holes flanged in. A few special J 
tools for holding the rivets in place are needed, and, per- 
hapa, a few special riveting hammers. 

Begin with the bottom flues, insert the rivela from the 
inside of the boiler, and rivet them on tlie inside of the 
flue ; this can be done with little diffieultv from the out- 
side of the boiler. The rivets should be half an inch tii 
diameter for six inch tines. 

This boiler steams well, iiud i 
following table gives the propor- 
tions, as used by the writer, to- 
g;etl)cr with the beating suitaou, 
etc. The thickness of shell tor 
alt boilers np to and inch: 
fortyeight inches is one-qnarti r 
inch. The fifty-four and siMi 
inch shells are flve-sixtecuthtt 
inch, with five-eighths inch head^. 
All shells double riveted. The 
weights include llje necessary 
stAjs, but no dome or fixtures of 
any kind. No lengths are given 
for hoilcrti more than twenty feet long, for the reason that 
iniuiufucturcrs lulvuuce the price on the whole length of 
tubes whan they exceed twenty feet. This advance is so 
out of jiropurtion to the ordinary market value of boilers 
that it does not " pay" to use them. 




1 
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TABLE LXV. 



SHOWING PROPORTIONS, 


HEATING SURFACE AND HORSE PO^ 


^EB OF 




BOILERS PITTED WITH SIX-INCH LAP WELDED FLUBB. 




SHELL. 


NUMBER 


HEATING 

SURFACE, 

} SHELL 


WEIGHT. 


BOttff ' 
POWEl ' 












DIAMB- 
TEB. 


LENGTH. 


OF 
FLUES. 


AND 

WHOLE OF 

FLUES. 


SHELL. 


FLUES. 


TOTAL. 


AT 


INCHES. 


FEET. 




SQ. FEET. 


POUNDS. 


POUNDS. 


POUNDS. 




42 


12 


6 


201 


2.242 


673 


2,915 


16.7 




14 


6 


235 


2,506 


785 


3,291 


19.6 




16 


6 


268 


2,770 


897 


3.667 

• 


22.3 




18 


6 


302 


3.034 


1,009 


4,043 


25.2 




20 


6 


336 


3,298 


1.122 


4.420 


28.0 


44 


12 


9 


262 


2.341 


1,009 


3,350 


21.8 




14 


9 


306 


2,617 


1,178 


3,795 


25.5 




16 


9 


349 


2.893 


1.346 


4,239 


29.1 




18 


9 


392 


3,169 


1,514 


4,683 


32 7 




20 


9 


437 


3.445 


1.682 


5,127 


36.4 


46 


12 


10 


285 


2,466 


1,122 


3,588 


23.8 




14 


10 


332 


2.757 


1,308 


4.065 


27.7 




16 


10 


379 


3,048 


1,495 


4,543 


316 




18 


10 


428 


3,339 


1.682 


5.021 


35.7 




20 


10 


475 


3,630 


1,869 


5.499 


39.6 


48 


12 


12 


327 


2.568 


1,346 


3,914 


27.3 




14 


12 


381 


2,871 


1,570 


4,441 


31.2 




16 


12 


436 


3.174 


1,794 


4,%8 


36.3 




18 


12 


490 


3.477 


2,019 


5,496 


40.8 




20 


12 


545 


3.780 


2,243 


6,023 


45.4 



u^ 
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TABLE LXV— Continued. 



SHELL. 


NUMBER 
OF 


HEATING 

SURFACE, 

} SHELL 


• 


WEIGHT. 




HORSE 












POWER 


DIAME- 
TER. 


LENGTH. 


FLUES. 


AND 

WHOLE OF 

FLUES. 


SHELL. 


FLUES. 


TOTAL. 


AT 
12 FEET. 


INCHES. 


FEET. 




SQ. FEET. 


POUNDS. 


POUNDS. 


POUNDS. 




54 


14 


14 


440 


4,276 


1,832 


6,108 


36.7 




16 


14 


503 


4,708 


2,094 


6.802 


41.9 




18 


14 


566 


5,141 


2.355 


7,496 


47.2 




20 


14 


628 


5,673 


2,617 


8,190 


52.3 


60 


14 


18 


543 


5,077 


2,355 


7.432 


45.3 




16 


18 


620 


5,553 


2,692 


8,245 


51.7 




18 


18 


697 


6,029 


3,028 


9,057 


58.1 




20 


18 


774 


6,505 


3,365 


9,870 


64.5 



The above examples suffice to show the combinations, 
proportions, heating surface and weights of flue boilers in 
general use. It is possible to make so many combinations 
by using flues of several diameters in the same boiler that 
It Would unnecessarily cumber the book with tables, if they 
were all to be taken into account. The weights and heat- 
ing surface for any other style of flue boilers than those 
given may be easily determined by using the flgures already 
famished in the tables. 

The following test made by Isaac V. Holmes, M E., 
Cleveland, Ohio, shows results somewhat over the average 
fop flue boilers. There is no doubt that much of this is 
due to the superior setting of the boilers, the exceptional 
richness of the coal, and perfect combustion. The furnace 
^U be described in the chapter on boiler settings : 
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These tests were made at the Soldiers' Home, nearDsy- 
ton, Ohio, on the twenty-seventh and twenty-eighth ot 
March, 1877. ^ 

Each boiler was fifby-foar inch diameter of shell, twenty- 
eight feet long, four six-inch fines, two ten-inch flues, no 
steam dome ; the feed water was delivered through a mad 
drum attached to the rear. 

Each trial was a continuous run of twelve hours, and 
was conducted as follows : 

The boiler was connected at its regular duty, with ste«n 
pressure at fifty pounds by gauge attached to shell, and the 
level of water at standard mark attached to glass water 
^auge. 

At the time noted, all the burning fuel was drawn from 
the furnace and the ash pit cleaned. Then the furnace 
was stocked with coal from that weighed for the test, and 
the trial commenced. 

All coal used during the trial was weighed and deliv- 
ered in one hundred pound lots. 

All water delivered was weighed before it was discliarged 
into feed tank, and at commencement of test was on a level 
with gauge line. The temperature of the same was observed 
and entered on the log every fifteen minutes. 

At the termination of the twelve hours all the burning 
fuel on the grates was removed and extinguished, and all 
unburned fuel credited back, while the clinker and ashes 
were weighed dry, and tlie water, both in the boiler and 
feed tank, was left at the standard marks. 

Summary of results — Condition of atmosphere the same 
on both days of trial: 

DUTY. VO. 1 BOILXR. HO. 2 BOISBB. 

The same on each boiler Heating buildings. 

COAL. 

The same kind for both trials Youghiog|ieny lump. 
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IS firing..,. 12 houre. 12 hours. 



I 

^^Kl amount WBier weighed to lioi1er..2S,521 lbs. 30.43.1 1b«. 

^^^^1 ftmount conl weighed to furnace.. 3,433 lbs. 3,700 lbs. 

I -Total wnount ashes weighed dry. 193 lbs. ZIS lbs. 

ToUl Amount combuRtibte 3,240 lbs, 3,42, lbs. 

I Average lemperulure feed water in '. 

^^ tank 106" 118° 

^^■■Mgo temperature biick connection. 700° 659° 

^^^Rng« temperature uptake 446° 476° 

^^Emge temperature air in pipe 107° 107° 

If 'Ar«rmge temperature air iii furnace not taken. 495° 

Average pressure steam at boiler 48 lbs, 46.5 lbs. 

Average pressure steam at maio 18,5 lbs, 17 lbs. 

ATersgi> percentage water in ateam .12Q .053 

Coal per hour 286 llis. 308.33 lbs. 

^^nbustible per hour 270 lbs. 285 lb>. 

^"" rrperhour 2.380 lbs. 2.536 lbs. 

nda of vater evaporated at 48 Iba. 
Vftressureand lemperature at 106° 

le pound of co^l 831 

indt of water evaporated at 46.5 
I lbs. pressure and temperature of 

1 118° per one pound of coal 8,22 

fvftlent evaporation from pressure 
I of almoMphere and temperature of 

f aiy pep one pound of coal 9,43 9,23 

(uivalent evaporation from pressure 
of atmosphere and temperature 
of 212° per onepound combustible, 9 989 9.983 

Conclusions — ^The evaporation of over nine pounds of 
iter bj the combustion of one pound of coal, with a biz 
led boiler, ia a strong proof of the economy and effici- 
cj of the Butman furnace, while a close observation of 
I working showed tlie combustion was at all times ver; 
mplete. I^o smoke evolved by the distillation of the 
bI id the furnace, but cleur heated gases, which flowed 
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off anderneatb andalong the sides of the boiler, ani* 
the top of the stack could only be seen the quivering pro- 
ducts of combustion floating off iato the atmoapbere, tbere 
being no color or iodtcatioii of smoke whatever. 



Tatit^r.r boilers — Thia type of boiler is so well known 
B t^ut'^^d little or no description. 

perhaps no other kind of boiler has had such an exten- 
sive sale as this ; if it \s to bt 
•' i] where the feed water is pure 
i L'lean, it is then, probaWy, 
■best boiler for the money" 
ilio market, but it is not tlie 
\:-r to be recommended in all 
.-ls. The writer never hesi- 
Uitcs to recommend it in casee 
where the feed watercontaineno 
lime or other substances which 
will form scale; and does uot 
recommend it where the waterii 
' ' ' "' '" bad, unless the means for pr»- 

venting the scale are known to be efficient. There {• 
quite a diversity of opinion in regard to proportioB- 
in^ tubular boilers. There are those who advodte 
length rather than diameter: others, advocating the re- 
verse. No doubt much of the confusion on Ibis point 
arises from a lack of exact knowledge rs to tlie relatJTi 
values of shell and tube heating surface. It is just hoTB 
that the error in reckoning horse power by txltnl of heating 
surface, rather than by rfficienq/, becomes fully apparent 
There is a prevailing notion that the power of a tubular I 
boiler may be indefinitely extended, by simply increaaiai 
the number of tubes in the shell- This is a tniBtake.. 
many tubes, especially if of small diameters, nu 
vent the circulation of the water in the boiler ai 
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illi, instead of increase the evaporation. It thus has the 
effect to induce priming, and may lead to the overheat- 
iDg of the pliites immediately over the gmtes. 

The ratio of tube area to grate surface has something 
to do with the fixing of the mivximnm nmnher of tubes for 
MiJ given boiler. The grate area being known, then, one- 
Kveoth of this area suflices for the tube area, as the largest 
•dmissible under the severest firing in stiitionary boilers 
with chimney draft, and for forced draft, if the coal bnrned 
per square foot of grate does not exceed twenty pounds 
per hour. This rate of combustion is in excess of ordinary 
practice, the common rate being not far from fifteen 
poands per hour for each square foot of grate. For this, 
oae-twelfth of the grate area will suffice for the maximum 
tube area. 

The length of tubes is practically limited to twenty feet, 
M BDHDuracturers do not carry them in stock and charge 
to additional price per foot for tVie whole tube when made 
to order of a greater length. Tnbular boilers are seldom 
nsde longer than sixteen feet if the tubes are less than four 
inches in diameter. When five to six inches in diameter 
they may then be made twenty feet long. Casual observa- 
tions made on the steaming capacity and temperature of 
Mo«ping gases show that in tubular boilers having lengths 
of twelve, fourteen and sixteen feet, and with ordinary 
ilow firing, that the two former are to be preferred to the 
'•tier length for tubes three inches in diameter. If a forced 
draft is employed, then three inch tubea, sixteen feet long, 
may be used with advantage if a damper is placed in the 
chimney so as to slightly increase the pressure of the gases 
flowing through the tubes. 

The following table (LXVl) gives the greatest number 
of tubes which may be inserted in boiler heads for the 
diameters given, the tubes to be arranged in vertical t< 
ta shown in figure 59, and have a clear space between e 
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row of one-third the diameter of the tabe. The top of 

the apper row of tabes is approximi^y 
three-fifths of the diameter of the boiler. 
Id some cases, however, the tabes are car- 
ried a little higher, in order to prevent the 
end tabes in some of the lower rows from 
crossing within the line drawn for the miD- 
FXttUM 69. imum water space. In no case does this 
change eqnal the half diameter of the tube. By arranging 
the end tubes in the bottom rows a little differently, the 
exceptions noted above may be remedied, but no particular 
objection exists to their remaining where they are. 




TA&LB LXVI. 

SHOWING THE OBBATE8T NUMBER OF TUBES WHICH HAY BE PUT IH A 
GIVEN HEAD (SUBJECT TO THE CONDITIONS STATED ABOVE 



DIAM- 
ETER OF 
BOILER. 



DIAMETER OF TUBES. 



36 


26 


38 


32 


40 


34 


42 


45 


44 


48 


46 


42 


48 


50 


50 


55 


52 


57 


54 


66 


56 


72 


58 


74 


60 


80 



H . 


3J 


3} 


4 


23 


19 


20 


16 


23 


21 


20 


18 


34 


25 


23 


20 


38 


32 


26 


25 


36 


32 


30 


25 


38 


34 


28 


23 


38 


36 


30 


26 


42 


38 


34 . 


30 


50 


48 


38 


32 


55 


48 


38 


36 


57 


55 


48 


41 


66 


55 


48 


45 


68 


62 


55 


46 



4J 



12 
12 
14 
20 
20 
21 
21 
23 
26 
28 
32 
32 
36 



10 
14 
14 
18 
16 
16 
18 
20 
21 
21 
23 
28 
30 



HAVD 

OR 

MAVHOLB. 



6x8 

6x8 

6x8 

6x8 

6x8 

8x]2 

8x12 

8x12 

8x12 

8x12 

8x12 

8x12 

8x12 
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Provision is made in this table for lower hand and man 
hole plates in all the boilers. The size for 36 to 44 inch 
boilers, inclusive, is 6X8 iui^hes, and from 46 to 60 inches, 
8X12 inches No tube is located nearer than 2 inches to 
the shell for diameter 36 to 44 inches, and none nearer than 
2^ inches from 46 to 52 inches, and none nearer than i 
inches from 54 to 60 inches diameter of boiler. The diam- ] 
eter of the boiler is that of the inside in all ( 

This table does not allow for a middle space up through 
the center of the boiler, as shown in figure GO. If the 
tubes are not placed nearer togelher than 
i their diameter, and the clear space 
^tween the tube and the shell of the fi 
Boiler is not less than that given on page 11 
240, and the water does not contain im- 
purities which will form scale, it is alto- 
gether probable that the circulation will fiuuhk bo. 
be ample to furnish dry steam, with the number and 
^Taogement of tubes which the table calls for. 

If the water is hard and will form scale, then the space- 
'hown in figure 60 should be allowed, because incrustation 
•ill gradually close the distance between the tubes and 
p»^vent proper circulation. This will lessen the number 
of tubes three to six. In some of the boilers, a row of 
tuljea comes in the center ; and in others, a space, bo that 
it will be necessary to re-arrange the tubes. The distance 
*part from tube to tube, in the central space in the boiler, 
may properly be fixed by the diameter of the shell. 

The following distances may be varied to suit circum- 
Btancee, but will be found to be ample, in any ordinary case, 
for tQbes less than four inches diameter : 
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DfAMBTKR OF BOILKR. DISTAJieB APAlV' 

30 inches 2 inches. 

38 inches 2} inches. 

40 inches 2} inches. 

42 inches : 3 inches. 

44 inches 3} inches. 

46 inches 3} inches. 

48 inches 4 inches. 

50 inches 4f inches. 

52 inches 4} inches. 

54 inches 5 inches. 

56 inches 5| inches. 

58 inches 5f inches. 

60 inches 6 inches. 

Tubes foar inches in diameter and over, when simply 
expanded in the heads, are not generally pat in shells less 
than forty-eight inches in diameter. If the space, as given 
above, does not interfere with the locating of the desired 
number of tubes, it may be retained. In case it should, the 
distance may be shortened a little, on account of the 
greater distance apart of the tubes themselves over those 
of smaller diameter. 

The next table (LXVII) shows the proportions, heating 
sin'face, weight and horse power of three-inch tubular 
boilers. Boilers, thirty-six to forty-four inches inclusive, 
have a 6X8 hand hole below the tubes; from forty-six to 
sixty inches, an 8X12 man head similarly fitted. All the 
boilers have a 9X15 man head above the tubes. The 
weights do not include a dome or fixtures of any kind, but 
do include all necessary stays and bracing. 

The thickness of shell is one-quarter inch, from thirty- 
six to forty-eight inches inclusive, and five-sixteenths inch 
from fifty to sixty inches. The thickness of heads for 

36 and 38 inches diameter is f inch. 

40 to 46 inches diameter is ^ inch. 

48 to 52 inches diameter is ^ } inch. 

54 to 56 inches diameter is ^^ inch. 

58 to 60 inches diameter is | inch. 
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If the fifty-eight and sixty-inch boilers are to carry 
more than one hundred and twenty-five pounds of steam, 
they should be made of steel, rather than increase the 
thickness of the shell. Longitudinal seams to be double 
riveted in all cases. 



TABLE LXVII. 

SHOWING PBOPORTION8, HEATING SURFACE, WEIGHT AND HORSE POWER 
OP TUBULAR BOILERS FITTED WITH THREE-INCH TUBES. 



• 

SHELL. 


NUMBER 


HEATING 
SURFACE, 
f SHELL 

AND 

WHOLE OF 

TUBES. 


WEIGHT. 


HORSE 
POWER 


DIAME- 
TER. 


LENGTH. 


OF 
TUBES. 


SHELL. 


TUBES. 


TOTAL. 


A V/ TT C*A* 

AT 
15 FEET. 


nrcBEs 


FEET. 




8Q. FEET. 


POUNDS. 


POUNDS. 


POUNDS. 




36 


8 


26 


213 


1,478 


693 


2,171 


14.2 




10 


26 


267 


1.705 


867 


2,572 


17.8 




12 


26 


320 


1,933 


1,040 


2,973 


21.3 




14 


26 


374 


2,161 


1,213 


3.374 


24.9 




. 16 


26 


428 


2,389 


1,387 


3,776 


28.5 


dS 


8 


32 


254 


1,563 


853 


2.416 


16.9 




10 


32 


317 


1,804 


1,067 


2,871 


21.1 




12 


32 


380 


2,045 


1,280 


3,325 


25.3 




14 


32 


443 


2,286 


1,493 


3,779 


29.5 




16 


32 


506 


2,527 


17,07 


4,234 


33.7 


40 


8 


34 


269 


1,632 


907 

• 


2,539 


17.9 




10 


34 


336 


1,885 


1,133 


3,018 


22.4 




12 


34 


403 


2,138 


1,360 


3,498 


26.9 




14 


34 


470 


2,391 


1,587 


3,978 


31.3 




16 


34 


537 


2,644 


1,813 


4,457 


35.8 


42 


10 


45 


426 


1,978 


1,500 


3,478 


284 




12 


45 


512 


2,242 


1,800 


4,042 


34.1 




14 


45 


598 


2,506 


2,100 


4.606 


39.9 




16 


45 


684 


2,770 


2,400 


5,170 


456 



"H^l 
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TABLE LXVII— CoHTiKUBD. 



SHELL. 


NUMBER 


HEATING 
SURFACE, 
f SHELL 

AND 

WHOLE OF 

TUBES. 


WEIGHT. 


BOBSI 

pomi 


DIAME- 
TER. 


LENGTH. 


OF 
TUBES. 


SHELL. 


- TUBES. 


TOTAL. 


AT 

15 FIR. 


IKCHES 


FEET. 




SQ. FEET. 


POUNDS. 


POUNDS. 


POUNDS. 




44 


10 


48 


454 


2,065 


1,600 


3,665 


30.3 




12 


48 


544 


2,341 


1,920 


4.261 


36.3 




14 


48 


634 


2.617 


2,240 


4.857 


42.3 




16 


48 


725 


2,893 


2,560 


5,453 


48.3 




18 


48 


816 


3,169 


2.880 


6,049 


54.4 


46 


10 


42 


410 


2,174 


1.400 


3.574 


27.3 




12 


42 


492 


2,465 


1.680 


4,145 


32.8 




14 


42 


575 


2,756 


1,960 


4.716 


38.3 




16 


42 


657 


3,047 


2,240 


6,287 


43.8 




18 


42 


739 


3.338 


2.520 


5,858 


49.3 


48 


10 


50 


477 


2,267 


1,667 


3.934 


31.8 




12 


50 


572 

• 


2,569 


2,000 


4,569 


38.1 




14 


50 


667 


2,871 


2,333 


5.204 


44.5 




16 


50 


763 


3,173 


2,667 


5,840 


509 




18 


50 


859 


3,476 


3,000 


6.476 


57.3 




20 


50 


954 


3.778 


3,333 


7.111 


63.6 


50 


10 


55 


519 


3,009 


1,833 


4,842 


34.6 




12 


55 


623 


3,410 


2.200 


5,610 


41.5 




14 


55 


727 


3,811 


2,567 


6,378 


48.5 




16 


55 


831 


4,212 


2,933 


7,145 


55.4 




18 


55 


934 


4.613 


3,280 


7,893 


(J2.3 




20 


55 


1,038 


5,014 


3,666 


8,680 


69.2 


52 


12 


57 


646 


3,572 


2.280 


5,852 


43.1 




14 


57 


754 


3,988 


2,660 


6.648 


50.3 




16 


57 


862 


4,404 


3,040 


7.444 


57.5 




18 


57 


969 


4,820 


3,420 


8.240 


64.6 




20 


57 


1,077 


5,236 


3.800 


9.036. 


71.8 



u . 



THREE-INCH TUBULAR BOILERS. 



TABLE LXVII— CoNTiMUEi 



^ 


..«« 


i HHSl.L 


WEICIIT, 


BOKSS 


UlAMX- 

TBB. 


LKBOTH. 


.0... 


...... 


,0... 


15 FKKT, 


ncBKa 


FgK*. 




Sii. VBKT. 


rousDa. 


P^N^ 


POD.PB. 




54 


12 


G6 


735 


3,844 


2,640 


6,484 


49.0 




14 


66 


858 


4,276 


3,080 


7,356 


57.2 




16 


66 


980 


4,708 


3,.'i20 


8,228 


6,^.3 




IS 


66 


1,102 


6,140 


3,960 


9,100 


73 5 




a> 


66 


1.224 


5.573 


4,400 


9.973 


81.6 


66 


12 


72 


796 


4.017 


2,880 


6,897 


53.1 




u 


T2 


. 929 


4.464 


3,360 


7,824 


61.9 




16 


72 


1,062 


4,911 


3,840 


8.751 


70,8 




18 


72 


1,194 


5,358 


4,320 


9.678 


' 79.6 




20 


72 


1,326 


5,805 


4.800 


10.605 


88.4 


58 


12 


74 


8!» 


4,300 


2.960 


7,260 


54.5 




14 


74 


9S5 


4.762 


3,453 


8.215 


63.7 




16 


74 


1,091 


5.224 


3,947 


9171 


72.7 




18 


74 


1.227 


5,686 


4,440 


10,126 


81.8 




SO 


74 


1,364 


6,148 


4,933 


11,081 


90,9 


«0 


12 


90 


880 


4,601 


3.200 


7,801 


58.7 




14 


80 


1,027 


5,077 


3,733 


8,KI0 


68.6 




1» 


80 


1.174 


5,553 


4,267 


0,820 


78.3 




18 


80 


1.3aj 


6.029 


4.800 


10,829 


88,0 




20 


80 


1,467 


6,,W5 


5.1.13 


11.838 


97.8 



Id eome of the larger builerd in tbe above table the 
lengths are carried out to twenty feet. The writer never 
made a -inch tubular boiler of that length, neither 

doea hr '>f anj in use, and would not, from data he 

n to sixteen feet lengths, recommend twenty 
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feet, except in cases where a force blaat is used and the 
eombnstioQ complete. It would require a carefol adjust- 
ment of tube to grate area, and there must be coal euongh 
"burned on the grate to insure the tubes being completely 
filled with gasea at all times. Ordinarily, it is better to 
keep the length at sixteen feet than to go beyond it. 

TABLE LSVIII. 

BfiOWtNO THE WIDTH AND LEKGTH OF QBATES, AND THE ABBA VI 
MDARE FEET, AS CSDALLY BUPPLIED TUBULAR AND FLDS BOI[Jn& 
ALSO, THE AMOUNT OP COAL REQUIRED PER HOUR WHEN BCBMB 
AT THE RATK OF II, 14, IS, IB, id FOUNDS PER SQUARE FOOT OF QEISM 
PBB HOtlK. 





.^„. 






„„.. 


....rn 


.^. 


12 L». 


««. 


■u™. 


,8L». 


30 IM. 


l>.CHi». 


IHCBBS. 


il.b«n. 


«tP««T 


-OU^I... 


-On-D.. 


ro«»D^ 


rOVKDT. 


room. 


36 


K 


48 


I».0 


IM 


210 


340 


sm 


x« 


3» 


47 


48 


lfl.7 


Its 


=20 


M! 


2(3 


314 


«0 


4S 


18 


16,3 


i«a 


22S 


Kl 


291 


nc 


„ 


33 


52 


'"■* 


■2^ 


HI 


M 


Ml 


a--i» 


H 


M 


S2 


19 9 




JTft 




358 


SM 


« 


BT 


» 


20.6 


247 


'288 


339 


S7I 


412 


M 


5S 


BO 


24.e 


2W 


U4 


394 


443 


4(3 


EI 


ei 


W 


1S,4 


aos. 


3S« 


4DI1 


W7 


30> 


H 


S3 


60 


2R.3 


316 


3G3 


421 


473 


sx 


K 


u 


J3 


32.S 


:i90 


4A5 


tw 


»5 


tso 


M 


67 


n 


33.5 


402 


4«9 


S38 


•03 


«7I> 


m 


B9 


73 


34.S 


414 




M2 


«» 


«. 



The above table gives the sizes of grates aaaally 
supplied with tubular boilers, by the writer, when no 
special orders are given to the contrary. Id oounectioi 
with it is also given the poands of coal renniracl par }tn 



AREAS OP LAP WELDED TCBEB. 
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for the different rates of combuBtiou given. The sizes of 
^ates as given in the table ma;, in general, be reduced 
without loss ol' efficiency. See page 203. 

The ordinary rate of combustion for bituminous coal 
will vary from twelve to sixteen pounds per hour, per 
square foot of grate surface. The two last colunins in the 
table should not be used in advance of construction, unless 
the chimney draft is known to be sufBcient to burn that 
<iaai)t]ty, or unless a force draft is to be employed. 

In order to facilitate anj' needed calculations, in which 
it would be iieceseury to know the relation of tube to grate 
ftrea, the following table (LXIX) is supplied, in which the 
Area is given in square feet. Tubes are always sold by out- 
aide diameter. The internal areas corresponding to these 
diameters are as follows : 



TABLE LXTS, 



. It will be understood that this table is to be used in 
eounection with and is to be regarded as supplementary 
^tojable LXVI. This will be found quite useful in the 
nugiug of grate surface. 
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TABLE LXX. 

SHOWING THE INTERNAL AREAS OF TUBES FOR THE DIAMETEBS 18 
QIYEN BELOW, AND FOR THE NUMBER OF TUBES GIVEN IN TABLE 
LXVI, ON PAGE MO. THE AREAS ABB GIVEN IN SQUARE FEET. 



DIAIO- 
TEB 




. 


DIAMITKRS OF TUBB8. 






OF 
BOILKB 


3 


H 


3i 


3f 


4 


^ 


5 


36 


1.10 


1.14 


1.10 


1.35 


1.22 


1.18 


1.22 


38 


1.36 


1.14 


1.22 


1.35 


1.37 


1.18 


1.70 


40 


1.44 


1.68 


145 


1.55 


1.53 


1.37 


1.70 


42 


1.90 


1.88 


1.86 


1.75 


1.91 


1.96 


2.19 


44 


2.03 


1.78 


186 


2.02 


1.91 


1.96 


1.94 


46 


1.77 


1.88 


1.97 


1.88 


1.76 


206 


1.94 


48 


2.11 


188 


2.09 


2.02 


1.98 


2.06 


2.19 


50 


2.32 


2.08 


2 21 


229 


2.29 


2.26 


2.43 


52 


2.41 


2.47 


2.79 


2.56 


2.44 


2.55 


2.55 


54 


2.79 


2.72 


2.79 


2.56 


2.75 


2.75 


2.55 


56 


3.04 


2.82 


3.19 


3.23 


3.13 


3.14 


2.79 


58 


3.13 


3.27 


3.19 


3.2:^ 


3.44 


3.14 


3.40 


60 


3.38 


3.36 


3.60 


3.70 


3.51 


3 53 


3.65 



Should it be found necessary to re-arrange the grate 
surface from that given in the preceding tables, it is recom- 
mended that the lengths of grates be kept the same and 
diminished in width, rather than shortened. The next table 
shows the relation of tube to grate area. The increase 
shown in the line opposite forty-six inches diameter of 
boiler is due to the less number of tubes in the boilers, 
brought about by the insertion of an 8X12 man hole instead 
of a 6X8 hand hole, which was used in the smaller boilers. 
This table is to be regarded as supplementary to tables 
LXVIII and LXX. 



BELATION OF GRATE TO TUBE AREA. 
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TABLE LXXI. 

SHOWING TFIE RELATION OF (J RATE AREA. A8 GIVEN IN TABLE LXVIII, 
TO THE TUBE AREA AS GIVEN IN TABLE LXX. THIS TABLE 
EXPRESSES THE RATIO IN FRACTIONS OF THE GRATE SURFACE. THE 
VALUES WERE OBTAINED BY DIVIDING THE GRATE BY THE TUBE 
AREA. 



DIAME- 
TER 






DIAMETER OF TUBES. 






or 

BOILER 


3 


31 
13.2 


3J 


Si 
11.1 


4 


^ 


5 


36 


13.6 


13.6 


12.3 


12.7 


12.3 


38 


11.6 


13.8 


12.8 


11.5 


11.5 


13.3 


9.2 


40 


11.3 


9.7 


11.2 


10.5 


10.7 


11.9 


9.6 


42 


9.7 


9.8 


9.9 


10.5 


9.6 


9.4 


8.4 


44 


9.4 


10.7 


10.3 


9.5 


10.0 


9.7 


9.8 


46 


18.6 


10.6 


10.1 


10.6 


11.3 


9.7 


10.3 


48 


9.8 


11.0 


9.9 


10 2 


10.4 


10.0 


9.4 


50 


10.6 


11.8 


11.1 


10.7 


10.7 


10.9 


10.1 


52 


10.5 


10.3 


9.1 


9.9 


10.4 


10.0 


10.0 


54 


9.4 


9.7 


9.4 


10.3 


9.6 


9.6 


10.3 


56 


10.7 


11.5 


10.2 


10.1 


10.4 


10.4 


11.6 


58 


10.7 


10.2 


10.5 


10.4 


9.7 


10.7 


9.9 


60 


10.2 


10.3 


9.6 


9.3 


9.8 


9.8 


9.5 



There are more tubular boilers fitted with three-inch 
tubes than perhaps any other size, but in some sections of 
the country three and a halt* and four-inch tubes are more 
common. The next two tables give the same particulars 
as those given in the three-inch tables. The shells, heads, 
man holes, etc., are in no respect dift*erent from those con- 
tained in table LXVII. Boilers having diameters from 
thirty-six to forty inches inclusive are not given, as three 
and a half inch tubes are not often put in boilers of such 
•mall sizes. 



I TltEATISB Oy STBAM BOILERS. 



TABLE LSXII. 



SHKLt- 


TTBBB. 


SCHFADB 
1 «BE1.L 


,.„„. 


■ BOBM 


TSB. 


.„„,. 


BBELt. 


TDBBS. 


nytxu 


I5rni. 


HfCflEN 


FKET. 




!«J. FBKT. 


POUKUS. 


POUN..S. 


POPM)* 




42 


12 


32 


440 


2,242 


1,640 


3.882 


293 




U 


32 


514 


2.506 


I,ftl4 


4.420 


34.3 




Ifi 


32 


586 


2.770 


2,187 


4,957 


39,1 




18 


32 


660 


3.034 


2.460 


5.494 


44.0 




211 


32 


733 


.1,298 


2.734 


6,032 


489 


44 


12 


32 


444 


a.341 


1,640 


3,981 


29.A 




U 


32 


519 


2,617 


1.914 


4,511 


34.6 




IB 


32 


592 


2.893 


2.187 


5.080 


39 5 




18 


32 


666 


3.169 


2.460 


5,62B 


44.4 




20 


32 


740 


3,445 


2.734 


6,179 


49 3 


46 


12 


34 


470 


2,4fii> 


1,743 


4.208 


31..1 




14 


34 


548 


2,-.'.(i 


2.034 


4,790 


372 




1ft 


34 


62C 


S.047 


2,324 


5.371 


41.7 




1« 


34 


706 


3,.138 


2,615 


5,953 


47.1 




20 


,34 


784 


3,629 


2,905 


6.534 


62.3 


4S 


12 


3fl 


41)7 


2,569 


1,846 


4,415 


33.1 




U 


30 


57'J 


■2,871 


2.153 


5.024 


3g.ft 




1» 


S« 


662 


3.) 73 


2.461 


6.634 


44.1 




18 


30 


745 


3.476 


2.768 


6.244 


49.7 




20 


38 


828 


3.778 


3,076 


6.854 


55.2 


50 


12 


38 


523 


3,410 


1.948 


6.358 


34.9 




14 


38 


609 


3.811 


2,273 


6.084 


40.6 




16 


38 


697 


4,212 


2,597 


6,809 


4«.S 




18 


38 


784 


4,613 


2.923 


7.53S 


SS.1 




90 


36 


871 


5.014 


3,247 


8.201 





THRBE AND A HALF-INCH TUBULAB BOILERS, 
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TABLE LXXII— Continued. 



ELL. 


NUMBER 

OF 
TUBES. 


HEATING' 
SURFACE, 
1 SHELL 

AND 

WHOLE OF 

TU6ES. 


WEIGHT. 

• 


HORSE 
POWER 

AT 
15 FEET. 


4 

LENGTH. 


SHELL. 


TUBES. 


TOTAL. 


FEET. 




8Q. FEET. 


POUNDS. 


POUNDS. 


POUNDS. 




12 


48 


637 


3,752 


2,461 


6,213 


42.5 


14 


48 


743 


3.988 


2,871 


6,859 


49 5 


16 


48 


849 


4,404 


3,281 


7,685 


56.6 


18 


48 


955 


4,820 


3,691 


8,511 


63.7 


20 


48 


1,062 


5,236 


4,101 


9,337 


70.8 


12 


48 


640 


3.844 


2,461 


6,305 


42.7 


14 


48 


747 


4,276 


2,871 


7.147 


49.8 


16 


48 


855 


4,708 


3,281 


7,989 


57.0 


18 


48 


962 


5,140 


3,691 


8.831 


64.1 


20 


48 


1,068 


5,573 


4,101 


9,674 


71.2 


12 


55 


722 


4,017 


2,820 


6.837 


48.1 


14 


55 


843 


4,464 


3,289 


7,753 


56.2 


16 


55 


962 


4,911 


3,759 


8,670 


64.1 


18 


55 


1.083 


5,358 


4,229 


9,587 


72.2 


20 


55 


1.203 


5.805 


4,699 


10,504 


80.2 


12 


55 


726 


4,300 


2,820 


7,120 


48.4 


14 


55 


848 


4,762 


3,289 


8,051 


56.5 


16 


55 


968 


5,224 


3,759 


9,183 


64.5 


18 


55 


1,089 


5.686 


4,229 


9,915 


72.6 


20 


55 


1,210 


6,148 


4,699 


10,847 


80.7 


12 


62 


786 


4,601 


3,178 


7,779 


52.4 


14 


62 


917 


5,077 


3,708 


8,785 


61.1 


16 


62 


1,048 


5,553 


4,238 


9,791 


69.9 


18 


62 


1,178 


6,029 


4,768 


10,797 


78.5 


20 


62 


1.309 


6,505 


5.297 


11,802 


87.3 



1 
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It 18 not a common thing to see tubular boilers fitted 
with four-inch tubes. There are some sections of the coun- 
try, however, where they are much in favor. Most of them 
are made of large diameters — that is, in the neighborhood 
of five feet. Those who have used them speak of them in 
the highest terms. No doubt much of their popularity is 
due to the very efficient circulation of water in the boiler, 
thereby preventing priming, and all the annoyance and 
trouble incident to it. 



TABLE LXXIII. 

SHOWING PROPORTIONS, HEATING SURFACE, WEIGHT AND HORSE POWER 
OF TUBULAR BOILERS FITTED WITH FOUR-INCH TUBES. 



SHELL. 




HEATING 




WEIGHT. 










NUMBER 

OF 
TUBES. 


SURFACE, 
i SHELL 

AND 

WHOLE OF 

TUBES. 








HORSE 


DIAME- 
TER. 


LENGTH. 


SHELL. 


TUBES. 


TOTAL. 


PC w ER 

AT 
15 FEET. 


INCHES 


FEET. 




SQ. FEET. 


POUNDS. 


POUNDS. 


POUNDS. 




48 


12 


26 


428 


2,569 


1,660 


4,229 


28.5 




14 


26 


498 


2,871 


1.937 


4,808 


33.2 




16 


26 


570 


3,173 


2,213 


5.386 


38.0 




18 


26 


641 


3,476 


2.490 


5,966 


42.7 




20 


26 


713 


3,778 


2,766 


6,544 


47.5 


50 


12 


30 


482 


3,410 


1.915 


5 325 


32.1 




14 


30 


562 


3,811 


2,234 


6,045 


37.5 




16 


30 


643 


4.212 


2.553 


6,765 


42.9 




18 


30 


722 


4 013 


2,873 


7,486 


48.1 




20 


30 


803 


5,014 


3,192 


8,206 


53.5 


52 


12 


32 


511 


3.752 


2,043 


5,795 


34.1 




14 


32 


506 


3,988 


2 383 


6,371 


39.7 




16 


32 


681 


4,404 


2,734 


7,138 


45.4 




18 


32 


766 


4,820 


3,064 


7,884 


5U 




20 


32 


852 


6,236 


3,405 


8.641 


66.8 - 







1 

FOUR-INCH TDBOLAB BOILERB. 
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TABLE LSXIII— Continued. 






IBKI.l. 




TftricK, 


w.„e,. 


15 ^'GET. 


*KB- 


^a,.. 


OF 
TDBKB, 


WBoi.e OF 


SHELL. 


..... 


TOTAU 


M., PKT. 




g* rEET. 


POUNDS. 


POCSDB. 


porsKB, 




fi4 13 


38 


BSfi 


3.844 


3,39S 


6.U2 


37,7 




14 


30 


660 


4.3T6 


3.681 


8.957 


440 




16 


36 


754 


4.708 


3.064 


7,773 


60.3 




IS 


36 


U9 


6,140 


3447 


8,687 


66.6 




20 


36 


343 


S,BT3 


3,830 


9,403 


62.S 
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The following evaporative test of a tubu 
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The coal used is an Ohio variety, known as Massillon 
lump. The duration of trial was ten hours. 

OBSBBTATIOlfB. 

Total amount water weighed to boiler 28J60 lbs. 

Total amount coal weighed to furnace 4,050 Ibt. 

. Total amount ash and clinker weighed dry ^, 220 Ibt. 

Total amount combustible „. 3,830 lbs. 

Average temperature feed water in tank 99^ 

Average temperature gases in uptake 479^ 

Average temperature air in fire room 93^ 

Average pressure steam in boiler 72 lbs. ^ 

Average percentage water in steam None. M 

PBRrOBMAlfOB. 

Coal per hour 405 lbs. 

Combustible per hour 3S3 Iba. 

Water per hour 2,870 lb». 

RESULTS. 

Pounds of water evaporated at 72 lbs. pressure 

and temperature of 99° per pound of coal 7 08 lbs. 

Equivalent evaporation from pressure of atmos- 
phere and temperature of 212° per pound of • 
coal 8.15 lbs. 

E(iuivalent evaporation from pressure of atmos- 
phere and tempeiaturc of 212° per pound of 
combustible ?.61 lbs. 

This boiler was afterwards reset, and an equivalent 
evaporation at atmospheric pressure from and at 212^ was 
obtained of 11.7 pounds of water, per pound of net com- 
bustible, or a gain of over 36 per cent. 

A compound tubular steam boiler^ built by Mr. E. H. Ash- 
croft, Boston, Mass., is shown in figure — • The engraving 
was made from a photograph of a boiler having the follow- 
ing dimensions : 
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Length of boiler 12 feet. 

Diameter 54 inches. 

118 tubes, each 3 inches diameter 12 feet long. 

Diameter of steam dome 32 inches. 

Length of steam dome 12 feet. 

Heating surface 1,281 square feet. 

Horse power r 85 

This boiler is being well received, and results show it 
to be ecouomical in fuel. Tests show an equivalent evap- 
oration from and at 212^ of over ten pounds of water per 
pound of coal. The writer expected to be able to give a 
detailed account of the tests made to determine the capa- 
city and economy of this boiler, but they were not received 
at the time of making up this form for the press. 



INTERNALLY FIRED BOILERS. 

rbe Cornish Boiler— The Lnncashire Boiler— The Fiiirbttini BoUai^ 
The finlloWBy Boiler— Vertical Flue Boilers— The Slinpley Boiler^ 
The Baxter Boiler— Vertical Tubular Boilers — Snyder's Vertical 
Bofl«r— Fly nil's Vertical Boiler- Suiter's Boiler— Porl«ble Boilers 
— Semi-I'ortable Boilers — Locomotive Boilers. 

Ttie ipternally fired boilers, in common use in this coua- 
try, are either vertical flue or tubular boilers, or of the 
loooinotire type. lu Europe, horizontal boilers, fitted with 
internal flues, are very common and of a type rarely seen 
10 this country. In England, the internally fired boilers 
*re usually of the Cornish or the Lancashire varieties; 
there has been a growing dislike to externally fired boilers 
"1 that country for many years, during which time the 
•l>ove named boilers have been growing in favor, and are 
How so thoroughly intrenched behind public opinion, that 
't Would require a remarkably good showing in economy 
*«d durability in a rival to gain similar popularity. 

The Cornish boiler owes its name to the circnnietance 
"fita having been first introduced in Cornwall, England. 
*l]e original inhabitants of Cornwall were Celts, speaking 
"ifl Comieli language, which, though now extinct, or no 
*"lger spoken by the people, the name of Cornish still 
'*Te8,aiid isapplled to many technical names — for example. 
'^miah mining, Cornish agriculture, etc.; hence, Cornish 
••oilera, meaning thereby a paMlcnliir kind of boiler orig- 
iBiUj in orpecull&rto Cornwall. 
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Thia boiler was introduced early in the present centnry, 
by Eiehard Trevithick, an English engineer, born in Corn- 
wall, and one whose name is inseparably connected with 
the modem steam engine. 

This boiler consists of a horizontal cylindric shell, with 
flat ends and fitted with one large flue passing tbrongh 
from front to back of the boiler and securely fastened to 
the two ends by riveted joints. This large flue contains 
the grate on which the fuel is burned, the productsof com- 
bustion passing through the flue to the back end of the 
boiler, returning, by a suitable arrangement of the hriek 
work along the sides of the boiler to near the front end, 
thence downward and along the bottom of the boiler to 
the rear end, and from thence to the chimney. This ar- 
rangement of exterior flues is shown in figure 62. 

A Cornish boiler is to be distinguished from a single 
flue boiler in its having the furnace arranged in the fiat, 
and thus being an internally fired boiler. 

The usual course of heated gases in any arrangement 
of boiler and furnace is from 
below upwards. It was first shown 
by I'eelet and is now generally 
reiiognized, that a great advantage 
in point of thorough convection of 
heat and consequently in economy 
of fuel, is gained by causing the 
course of the hot gaa to be on 
the whole from above dowmcanls: 
because then, the hottest strata of 
'■"'""' ""■ the furnace gas, being uppermost, 

spread themselves out above the denser and colder 
strata which are below, and so diiFuse themsolves more 
uniformly throughout all the passages than they do when 
made to ascend from below,* 
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It would naturally be inferred from an inspection of the 
engraving that the heating surface is of the best possible 
WTangement to insure economy of fuel. The feed water 
enters the boiler near the bottom, where tlie water is cool- 
est; as it rises becomes more highly heated until the sur- 
&C6 is reached, where the steam is given off. There is 
ample facility for circulation, and the conditions are favor- 
able to rapid evaporation. The large water surface lessens 
the tendency to priming and thus practically insures dry 
iteam. 

Under the most favorable conditions, as regards con- 
stroction, fuel used and rate of combustion, about eight 
ponnda of water may be evajiorated per pound, of coal. 
In this respect the Cornish boiler is about on an equality 
with oup ordinary cylinder boiler. Tbe rate of combns- 
tioQ in Cornish boilers is not far from ten pounds of coal 
per square foot of grate, in good ordinary firing, and trom 
this down to five or six pounds iu slow firing. 

These boilers must, of necessity, be of large diameter 
when required to be of any considerable power. This also 
necessitates a large flue, in order to atfonl the necessary 
grate urea and heating surface. Increasing the diameter 
of the flue decreases its power to resist collapse, which 
may occur either by overpressure or overheating. These 
fluea are often strengthened by means of heavy wrought 
iron rings, which are secured to tbe ends where the sec- 
lions are to be joined to form a continuous flue. Figure 
^ represents such a joint. This rin^ 
of angle iron gives the flue great stiff 
Desa, and increases its power to resist 
collapse by shortening the length of the 
>pan between supports. A much better device is that ot 
Mr, Adamson, shown in figure 64. The flue is made in 
wctiona, with welded seams and flanged ends, which are 
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secured end to end by riveted joints, as shown, render- 
ing collapse almost impossible ; it is, 
also, a very superior expansion joint, 
thus preventing the shell being 
strained, as is often the case with 
plain flues, and presents a further 
advantage in that both the rivets 
and edges of the plates are kept entirely free from the 
action of the fire. 

When a fire is started in any internally fired boiler, 
having a large flue, such as the Cornish or Lancashire, the 
flue will be heated first, and will expand in length a con- 
siderable distance before the external plates, or the shell 
of the boiler, has received any considerable degree of heat 
Unless some provision is made for this unequal expansion^ 
it is likely to lead to a great deal of annoyance by leaky 
joints, if not to something more serious in the way of rup* 
ture. 

The following table gives the principal dimensions of 
Cornish boilers, as taken from the catalogue of Abbott 4 
Co., Newark-upon-Trent, England : 

The Lancashire boiler is an internally fired boiler, and 
differs from the Cornish in having two flues and furnaces 
instead of one. It was introduced, in 1844, by Fairbairn 
and Hetherington in Manchester, and is, therefore, called 
a Lancashire boiler. The insertion of two smaller flues in 
the shell of a boiler, instead of one large one, was to 
strengthen the boiler against collapse. This is, perhaps, 
the most popular for large boilers of any in England to-day. 
Figure 65 represents a longitudinal section, and figure 66 
a cross section, of a Lancashire boiler. 
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jigure 64, The prineipal diraensioua of the boiler used in 

the trial are as foUowe : * Shell, 6 feet 6i inches diameter 
by 25 feet 9 inches long; two flues, 
each 2 feet 3^^^ inches diameter. 
The ehell platee were 0.63 iucii 
thick, the end plates 0.748 inch 
thick, and the flue plates 0.51 incli. 
The combined width of the fire 
grates is 4 feet 6| inches, and their 
lenti;th 5 feet 1 inch; this length 
includes 6^^ inches formed by the 
parts of the bars resting on iron 
iiuuiiiiui:. supports. Taking the effective 

length of the grates, therefore, at 4 feet 6j^ inches, we 

get a fire grate area of 20.6 square feet, 

TABLE LXXV. 

QIViMQ AN ABSTRACT OF RESULTS OBTAINED tS EVAPORATIVE TESTS 
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The total heating surface of tlip boilers ia (512.5 square , 
feet, divided as follows : 

Surriurv of outer fliell pxpospd in si<lo ftnil bottom 

aiiea 271,03 

ot internal flues, deducting parts below tlie 

gr»t«s 333.25 

irfoce ftt back end of boiler S.23 
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- 612.50- 



le nest table gives the sizes of Lancashire boilers, as 
tftken from the latalogne of Abbott & Go,, for the first | 
three boilers in tlie table; the two following are from 
Tuiigye Brothers i Holinan, London, England: 
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The following teat of a Lancashire boiler shows the 
evaporative power, rate of combustion, and much other 
data of interest: 

Boiler triala at the South Metropolitan Gas Works, Lon- 
nd, December 19--J1 and January iJ— I, 1877-8: 



1 
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Diameter of boiler 6 feet 6 inches. 

Length of boiler 25 feet inches. 

Diameter of each furnace (2) 2 feet 3 inches. 

Grate surface (whole) 27.75 square feet. 

Grate surface (as bricked up) i 16 square feet. 

Total heating surface 679 square feet. 

Heating surface, deducting lower half of 

furnaces 504 square feet. 

Proportion of air space through bars to 

total grate surface 0.2 to I. 

This boiler was set in the usual manner. The products 
of combustion, after passing to the end of the boiler, 
returned to near the front end, thence downward to the 
lower flue and along the bottom to the rear end of the 
boiler, and thence to the chimney. 

The furnaces were fitted with rocking bars, the bars 
being zigzag instead of straight. The rocking arrange- 
ment could not be used on the days in which the grates 
were bricked up. 

KVAPORATIVB TKST8. 

ORATB. 

WHOLB. PABTIAL. 

Duration of trial, hours 8.50 11.75 

Temperature of feed water 50.3° 49.1^ 

WATER FKU INTO THE KOILKR. 

Per hour, in pounds 1,228 1,288 

Per square foot of total heating surface, 

pounds 1.81 1.89 

Per pound of coal, pounds (total) 6.88 9.98 

Equivalent evaporation from and at 212° 

pounds 8.0 11.4 

Ivjuivalent evaj)oration from and at 212°, 

per pound of combustible 8.5 11.7 

(^•efn (South \Wlsh) coal in both tests : 
percentage of non-combustible and 
of water in the fuel 6.0 3.0 

Total fuel per hour, pounds 178.7 129.0 

Total fuel per square foot of grate sur- 
face, pounds 6.4 8.1 
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The Fairbairn boiUr, shown in figures 67 and 68, is a 
^dUcBtion of tbe Lancashire boiler, and might be said 1o 



Bntemally fired elephant boiler. It consists ol' three 

i^indriu shell)), two nf these — each traversed conceiitrically 

int«rital I 




—being placed s 
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. distance apart, while the third is placed aboveand between 
them, being joined to them by suitable connecting tnbes. 
The boiler shown in the above 
engraving is a representation 
of the one used in the experi- 
ments at Mulhouee, and while 
possessing all the salient points 
of the Fairbairn boiler, is 
slightly modified in design, the 
two flues in the lower shells 
being placed eccentrically as 
shown. * These two lower 

shells are each 4 feet 1-j^ inch 

huukkw. diameter hy 25 feet 9 inches 

long, and the flues they contain are 2 feet S^ inches diam- 
eter. The lower cylinders are each connected by three 
tubes or month pieces with the upper cylinder, which is 3 
feet 8^ inches in diameter by 22 feet tig inches long. 
The upper cylinder is made of plates ^ inch, and the two 
lower of plates 0.")3 inch thick, while the internal flues are 
made of 0,ul inch and the ends of 0.71 inch plates. 

The grates, whith are contained in the internal flues 
of the lower cylinder, are precisely identical with those of 
theLancasliire boiler already described. This boiler bcintr 
one of the three experimented with by the Societe AUaci- 
enne de Constructions Mechanique.s, Mulhouse. These were 
the French or Elephant boiler, described on page 223, the 
Lancashire boiler, ilcicribed in this chapter, and the Fair- 
bairn boiler. The heating surface of the latter is 1017.48 
square feet, divided as follows : 
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Surface exposed by the upper cylinder 144, S8 

Surface exposed by the two lower cylinders to the 

Recond "run" of gasea 3U.49 

Surface exposed by tlic two loirer cylinders to the 

ihiid ■Tun" of ihegwes 182.96 

Surface exposed by six conneoling tubes 34-04 

Surface exposed by two internal flues, deducting 

surface below- grates 333. S7 

Surfiwe exposed >t IVont of upper cylinder 3.84 



Total... 



,..1.017.48 



It will be seen, ou reference to the eugraving of this 1 
boiler, that tLe aelting ia bo arranged that, on leaving the ' 
internal flueaof the lower shells, the gases return to the front 
id along the sides and bottoina of the two lower cylinderB, 

utbence pass to the chimnej' between these cylinders | 

^the third one above, a mid-feather wall dividinjf the I 
ao that the iiroducta of combustion from the two' 
fhrnaces do not unite until just before entering the chimney. 

An abstract of results obtained in the tests at Mul- 
iiouae may be found in table LXXV, in comparison with i 
that of the Lancashire boiler. 



The GaUoway boiler, shown in figure 69, is a modiiicatiort \ 
of the Lancashire boiler, in which 
the two furnaces at the front end 
anite in one hack 6ue of an irre^- '~ 
alar oval form. This flue eoneti- 
tnteslhe chief feature in the '•Gal- 
loway boiler," in which are [placed 
conical water tubes, taxed in an up- 
riirht position, in such a way as to 
support the flue and to intercept 
and break up the (lame and boated gases, when passing 1 
^m the fire grate or furnaces to the chimney. Along th&l 
sides of the Hues there are also placed several wroughtl 
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iron stops or bafflers, which deflect the currents of heated 
air and cause them to impinge against the tubes, so as to 
absorb all the available heat possible. 

The conical water pipes, or " Galloway tubes," as they 
are now generally called, present a direct heating surface 
to the action of the flame or heated gases, and thus effects 
a great saving in fuel ; they also promote rapid circulation 
of water and thereby maintain that uniform temperature 
which is so essential to the durability and safety of all 
steam boilers. Unequal expansion or contraction is 
avoided and its attendant evils, undue strains and event- 
ual rupture. 

Messrs. W, & J. Galloway exhibited three of their boil- 
ers, in the British section, at the Centennial exhibition, in 
which an important improvement over their former designs 
was shown. This improvement consists in the arching ot 
the bottom part of the oval back flue, by means of which 
greater facilities are furnished for cleaning and examining 
the lower part of the boiler when required. A further 
advantage is also obtained by having the conical tubes all 
radiating from one center, as shown in the engraving: 
they are consequently one uniform length and are inter- 
changeable. 

These boilers were each seven feet diameter by twenty- 
eight feet long. The shell was of Bessemer steel plates, 
three-eighths inch thick, with double riveted longitudinal 
seams. The two furnaces were each two feet nine and a 
half inches diameter by seven feet six inches long, made 
of steel [)lates, in three rings, tlunged and riveted together, 
as already described on page 2G0. The main flue contained 
in it thirtv-three conical water tubes, each ten and a half 
inches diameter at the top, or large end, and five and a half 
inches diameter at the lower end. These tubes are welded 
and flanged from one plate, and thus present no joints 
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Iier than the flange joints by which they are 


attached to ^H 
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The following data shows the evaporating power of ^| 


ie boiler, as determined at the Centennial 


exhibition; ^H 


e trial using anthracite, and the other trial 


using bitii- ^H 


DOas coal. Two regular triab were made 


with OAi'h ^H 


id of coal — one for economy, the other for capacity : ^H 
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mil engines, piimpa, beating, etc. The aimpleet form 
of these boilers is shown in fij- 
lire 70. When used for heating:, 
where pressures are only five Ui 
ten pounds, it is not usually tin 
practice to put in stay bplt» or 
braces; but when used for fur- 
niiiliiiig steam for small enginuor 
pumps, or for any purpose where 
the pressures may he anywhere 
from tifty to seventy-tive ponndi, 
the stay bolts and braces shoaM 
always he put in. Sometimes » 
ring is put in between the outer 
shell and the fire box at the bot- 
tom, and at other times the fire 
bux is flanged, as shown in tht 
engraving. The writer hasmtulf 
3 them both ways, hut prefers tht 
FiBuriE TO, hitter. Each boiler should bar* 

one or more hand holes just above the crown sheet, aad 
at least three in the bottom, as shown in the eograviug. 

These hand holes are quite essential to inspection and 
cleaning and should never be omitted. The writer once 
saw a boiler of this description, in which the spaoc lictween 
the fire box and the shell had completely tilled with ecJe, 
and if the boiler had been used for any purpose in which 
it would have been necessary to use even a moderate pres- 
sure, disastrous results must have certainly followed, 
Whether the blamo could attach to the owner or not, it cer- 
tainly could to the boiler maker, who was guilty of littl« Itfe 
than criminal negligence in not putting them in. The wri- 
ter has seen what might be called a clever trick in evading 
this known duty in boiler construction in order to save 
few dollars — that is, by the insertion of two or tim^ 
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Inch or one inch ttiiil ti quarter pipe plugs. This ia not 
sufficient, and notliiug less than a 2X3 hand hole should 
ever be used, eren in the smallest boilers, and as much 
larger eis the circumstances will permit. 

Tb© ring around the fire door opening should be pre'- 
;ferablir of wrought iron, though cast iron is often used. 
K a ring is to he used at the bottom of the boiler instead of 
flanging the fire box, as shown in the engraving, it shoiikl 
be of wrought iron always. 

The following table gives the principal dimensions of 
vertical flue boilers. The shell being i inch thick 
in all cases, the fire box ^ inch thick, the outside 
li&ads 3 inch for all sizes up to 44 inches, inclusive, and ^^ 
inch thick for larger diameters. The inside beads are ^ 
iuch thick up to 40 inches, and | inch for the other sizes. 



t 
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ElfiHTS OF VERTICAL FLUE 



■I* a 

i 



" sr^j^ir: 



1 
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The diameters of the oater shell and for the fire box, as 
given in the above table, are inside measare. The height 
of the boiler is that from the bottom of the lower joint to 
the top of the upper head. In regard to this height, if it 
is found to be inconveniently high, it may be lawered 12 
to 18 inches for the lower half of the table without inter- 
fering with the heating surface or decreasing the boiler 
power. The height of the fire box is from the bottom of 
the boiler to the lower side of the head. The water space 
for boilers 80 to 86 inches, inclusive, is 2^ inches; from 38 
to 44 inches it is 2^ inches, and from 46 to 48 inches it is 
3^ inches. The diameter of the fiue is inside measure. 

In boilers of this class the fire box is the main thing 
as a matter of course, and ought to be large and roomy. 
If it were thought advisable^ the heights given in the table 
might be reasonably extended. In the examples given 
above, the fire boxes have parallel sides ; if they were 
inclined, as shown in figure 71, it would improve the cir- 
culation, and add but very little, if anything, to the cost 

The Shapley boiler, as made by the Knowles Steam Pump 
Works, is shown in sectional elevation in figure 71. 

This boiler is made in two sections, the lower section 
containing the greater part of fire box and the vertical 
tubes ; the latter are situated between the fire box and out- 
side shell, having their lower terminus in two base fined, 
extending from either side of ash pit entrance to smoke 
stack at the rear of the boiler. The upper section is prin- 
cipally a reservoir for steam. The fire box extends a short 
distance into the upper section, and the products of com- 
bustion are conveyed through cross tubes, to the vertical tubes 
as indicated by the arrows, thence downward to the base 
flues and so to the chimney. The tubes and crown sheet 
are removed as far from the intense heat of the fire as the 
size of the boiler will permit ; this also insures a large com* 
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atioii eliiniiin:r. u iliing wlii..h is idwiiys to be secured i 
iomally fired Itoilira wlit-never possible. Tlie tubes ar 
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well protected from the actiuu of the tire, and are I 
accessible in case tliey need repaire. 

The Baxter fioiYer— Tlie boiler furuislied witli tL© 
knowu Baxter engine, 08 built by tlie Colt's Patent Fil* 
Arms Mannfacturitig Company, ie shown in ligure 72, 
which is & representation of the boilers rey:nlar)y furnishcii 
with their engines, with the single exce|)tion of their small- 
est size, or two horse* power, which is illnatrated in Ugrire 
74. Ret'errine to Hgnre I'l, it will bo seen that all tiu 




heating surfaces are helow the wiiter line. The oonffl 
tion chamber is large, ami of u form to liieuro ecooumy " 
fnel. The tire box is proviib>d with .l..*.-,.|..i;fiv' I'"* 
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p&ssiii^ througb tlie waler space aii<l coinmuuicatiug with 

A jacket surrounding the 

Water spacu and extending. 

up to tl»e Wttter Una of the 

boiler, so as to Icavv tim 

dome uucovcred aud to 

wliich tbe engine ia at- 

tacbedr as eliown. Figure 1 

73 is a lii>rizonUi] section 

ahuwiiii; tlie ftrraugetnent of 

tlie doiw^snding Hues the 

furnace door, the grates. 

and the jacket surrounding 

the boiler eoutaining tbe 

heated products of combustion on their way to tlie chira- 

nejT- The design of this boiler is ?ac'b as to insure a pro- 
per circulation of water, hence there is little or no danger 

of priming. 

The Bmalle^t size, or two horse power, is shown in sec- 
tioual elevation iu llgure 74, 
[ and differs from the one al- 
ready described in having no 
descending flues, as shown in 
the other engrayings, having 
' instead an internal chamber, 
or fire box, with an annular 
heating chamber between il 
and the inside of the boJIur. 

Vertical tuhulur boUera — The 
commonO»t form of a vortical 
tubular boiler U shuwn in llg- 
ure 75. It does not dlfflfr frnni 
the vertical due i)oili>r, alftBdj^ 
^Meribed, Bxcopt in having tubes instead of fluua stH 
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the furnace. This is the form of boiler uaually 8Uf>plied 
with the numerous small vertical engines now otfereJ in 
the market. When properly made, it is an economioil 
boiler, and with proper management will be found to b« 
quite durable in service. 

The tubes in vertical boilers, especially if short ones 
are employed, should not be of large diameter. The diam- 
eters usually employed are two, two and u half and tlifee 
inches. The number of tubes may 
be sui;b that their aggregate area 
shall equal one-eightli of tbe 
grate area. The following tabic 
(LXXVIIT) gives the principal 
proportions of vertical tubular 
boilers having the same size of 
tiro box as given in table LXS VII, 
for vertical flue boilers. This i« 
higher than vertical hre boxes are 
usually nmde for the diameten 
given. The writer attaches so 
much more importance to fire 
box heating surface than to hibe 
surface that he recommends hifh 
tire boxes rather than long tulws, 
(^>ipt'('liilly as the heating surface 
pii)|ier is that only to the walsr 
! and not to the upper liinil 
, of llie lubes. The height of wata 
i""'"'<;' carried above the crown sheet in 

vertical boilers is scarcely ever more than twelve ioclns; 
the value of the tube surface may bo easily over eatini- 
ated by not taking into account the comparatively hi1«I1 
portion of tbe whole surface actually utilized. 
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Ilea© weights Jo not include the grates, base or fit- 
B of any kind, but do include hand hole plates, stays, 
bravea, etc. 

In borizoutal tubular boilers the grate area may be 
de of any size best suited to the fuel to be used aud the 
■fcity to be buniod. In vertical tubular boiiors the 
8 sroa is fixed by the diameter of the iire box, and the 
Fmust be selected with reference to thp most ofonomi- J 
"Efil uoDsumptiun. Anthracite nut coul or l.■nl^ilud j 
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will, in general, be found to give the best results when 
burned in vertical boilers than if bituminous coal is used, 
unless the latter is very slowly burned and sparingly fired. 
It should be broken up into small pieces not larger than a 
hickory nut, or about the size of anthracite nut. 

One of the inconsistencies in rating boiler power by 
total heating surface is shown by a comparison of the 
thirty-six and thirty-eight inch boilers in the above table. 
The fire box in the latter boiler is one inch larger in diam- 
eter and three inches higher; the tube area in proportion 
to the grate is practically the same, yet the larger boiler 
rates nearly a half horse power less than the smaller one. 

In comparing the above table with almost any mana- 
facturer's published list of vertical boilers, the first noticea- 
ble thing which will attract the reader's attention will be, 
doubtless, the small number of tubes for the diameters 
given. The writer has before him three lists of this kind- 
all of them, as manufactures, are of very high standing- 
two of them American and one English. The number of 
tubes called for in the above table, for a 48 inch boiler = 
60, 2i inches in diameter; one of the American lists for 
the same diameter has 97, 2J inch ; the other 88, 2^ inch 
tubes. The English list has 30, 21 inch tubes. 

There is probably no heating surface of so little value 
as the tubes in a vertical boiler ; from half to two-thirds of 
their length is in the steam space and thus performs no 
useful service in evaporating water. The value of the 
remaining half or one-third, as the case may be, is in con- 
tact with the water, but, on account of their position with 
reference to the furnace, and thus presenting no surfaces 
against which the heated gases can impinge, it is to be 
regarded as heating surface of the very lowest order. 

The most eftective heating surface in boilers of this 
class is that of the fire box ; and the tube area should not 
greatly exceed that necessary for draft, merely. It is bet- 
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ter to have a large fire box and few tabex. than a small Sre 1 
box and many tubes. lu the table given above, tbe tnbe I 
area 18 fully fifty per cent greater than that necessary fori 
draft, BO that, the number of tubes given in the table ought I 
not to be exceeded; dediieting one-third from the tabular I 
nnmbera will give the smallest number of tubes admissible, 
which is, one-eighth of the grate area. Between these J 
two limits may be considered good if not common practict 

In England, the tnbe area for vertical boilers is fixed by I 
the grate area; in this country, no account is taken of | 
the grate area, hut u3 many tubes are placed in the head as 
it will contain. Uy the latter 
method it is easy to figure large 
powers but it would be a gain to 
manufacturer^ and users alike to 
leave oat the surplus tubes lind 
«mploy a smaller divisor for the 
rating. It is efficiency and not 
extent of heating surface that it- 
needed. 

The upper end of tlio vertical 
tobct, as shown in tigurc 7'>. are 
liable to "Waste away by being 
ooittiunally heated, and in time 
will often prove very troublesome. 
Much i>f this is due. perlinps, to 
the too rapid tiring before the 
iteara is on the boiler. Many 
caa«a of this kind have come | 
within the observation of the wri- 
ter, and some very curious phe- 
nomena, in connection with the wasting of the upper end J 
of the tubes, have been discln-<ed. To obviate any difficulty I 
of this kind the tubes may be shortened an 

comhuBtion piuie up into a receiving i 
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which they may then pass into the chimney, as shown in 
the sectional elevation in figure 76. By this arrangement 
in the design of a boiler the tubes are wholly protected 
by the water, and will outlast those, as shown in the boiler 
on page 276. The length of the tubes should be such that 
at least six inches of water should be above them in ordi- 
nary steaming. The upper chamber must have depth 
enough to be able to use an expander in setting the upper 
ends of the tubes. This upper chamber contracts the steam 
space and largely reduces the water surface. The engrav- 
ing does not show the best proportions for a boiler of this 
kind for rapid steaming; the tubes being too numerous 
and too long, the upper chamber too large in diameter in 
proportion to that of the boiler; still it conveys the idea. 
In cases where these boilers have been used for heating, 
they have given satisfaction and are well liked. 

A modification of the above design is given in figure 
77, in which it will be observed that the upper chamber is 
conical instead of parallel, as in the boiler just described. 
This design is that of the boilers furnished by the Niles 
Tool Works, Hamilton, Ohio, with their small engines, 
from two to twelve horse power. The following table is 
compiled from their practice. This is an excellent form of 
boiler and is capable of yielding good evaporative results. 
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TABLE LXXIX. 

proportioIts of vertical tubular boilers, by 
the niles tool works. • 





SHELL. 


TUBES. 


HORSE 


1 








POWER. 












DIAMETER. 


HEIGHT. 


NUMBER. 


DIAMETSI. 


• 

2 


24 


52 


18 


2i 


4 


28 


62 


27 


2* 


6 


30 


66 


37 


2J 


8 


:H3 


71 


42 


2} 


10 


36 




55 


24 


12 


42 


80 


69 


2.V 



Each horse power in this table is based on 10 square feet of heating surface. 

The coramonest and at the same time the worst fault of 
small vertical tubular boilers is that of priming. . There is no 
doubt that much of this trouble is due to having too manv 
tubes in the boiler, which may and often does have the 
effect to retard the circulation immediately over the crown 
sheet. Priming may be induced through other cause>. 
such as bad feed water, sudden reductions in pressure, etc. 
Whatever may be the cause it is a troublesome and dan- 
gerous occurrence, and one which needs to be overcome at 
any cost. The New York Safety Steam Power Company 
introduce in their vertical tubular boilers a baffle plate 
through which all the tubes pass at about the water level. 
A vertical section of their boiler illustrating this detail of 
construction is shown in titj!:ure 78. 

A large tube hangs from tlie center of this plate nearly 
to the crown of the funuice and an annular space is lett 
around the outside of the baffle and between it and the 
circulator sufficient for the easy escape of the steam and 
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this arrangement is to stop the 



water. The efiect of 
current of steam and 
water teiiiiing to shoot 
np between the tubes, 
and compel it to flow 
ontward and escape be- 
ttreen the baffle and cir- 
ealiitor, at which point 
the steam and water 
separates, most of the 
Water flowing over the 
circulator, as before de- 
•cribed, while the re- 
mainder of the water 
falls OH the top of the 
baifle plate and flows 
tlirongh the tube in its 
center, thus keeping up 
a constant current over 
theuenterof the crown 
slieet and among the 
tubes. It will be ob- 
served that the steam 
18 taken off from the very center of the boiler, and as the 
steam is delivered at the onter edge of the baffle it ninst 
flow inward between and around the tubes on its way to the 
engiiie and bet;onie dried and slightly super heated. 

This improved arrangement not only secures thorougli 
circulation and dry steam, but by its use the operator is 
enabled to keep us much of the Are surface wetted as he 
loay wish, by simply locating the baffle at the desired point, 

Snyder's Vertical Boiler — A novel design for sniull boil- 
en is shown in figure 79. It is not an internally flred 
boUer, and does not properly belong to this chapter. It 
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liB manufactured by Mr. Ward B. tiiivder. New 
Icity, to supply a popular demand for a email and I*™ 
I priced steam motor. Figure 79 is a sectioua] view of tlie 
boiler. The letters in tlieLUt 
indicate spaces as follows: A, 
dome tup or smoke bonnet; U. 
?team space ; C, water spaco; 
J", furnace or fire box ; E, Mh 
|. pit. 

This boiler consists of ai*^ 

rich wrought iron lap we]dc4 

vlinder, with tho heads fitted. 

.is shown in the engraving. A 

I iibularstay rod, which also ac» 

IS a Hue, is secured to the two 

heniU. The engraving abows 

but one tubular stay ; otheB 

inay be added if thought nece* 

.«;iry. For steam yaohtboil«[» 

the makers recommend from 

tive to ten of these tubes, ac- 

rording to size of main boiler, 

which serves to keep the malo 

body of water steady, in ca» 

of the rolling of the boat. 

A numbtr ot side tubes are fitted to the shell of thil 

generator as Miown in elevation in figure 80. throngli 

which there ia a free circulation, throwing continuously a 

stream of mixed watei and steam upon tho surface of th« 

water in main boiler, the steam ascending and the water 

, descending, as indicated by the arrow points, wbilo out«d« 

and around these tubes there is a free circulation of lh« 

!at and abundant room for the combustion of ga!*es. 

These side tubes, instead of being fastened in by Hit 
le of an expander, are held hv Imshinffs threaded 
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and out to fit the taper threads on the outside of the Bmall 
tubes and the holea in the central shell B which receive 
them. The staj 2, figure 79, is ftistened in the same way 
to the top and bottom beads. 
One fact is worthy of notice 
ID reference to putting in boil- 
er tubes in this way, viz, that 
the tubes and stays must be 
brought to an absolute fit be- 
fore the thread of the bualiinj 
c»ti be entered or started, con- 
sequently they impose no strain 
upon the boiler of tlieraselves, 
as is too often the case of or- 
dinary riveted stays. 

The whole of the boiler pro- 
per is secured to the upper 
plate, marked 20 in figure 79. 
and is suspended in the inner 
casing marked 8, around wliich 
is still another casing, marked 
7. The air supply for the fnr- 
nace may be made to enter at 
the top of the boiler, at 20, and 
pass down into the ash pit between the casings 7 and 8. 
This will supply the tire with heated air, thus adding to 
the economy of fuel aud preventing loss of heat by radia- 
tion. 

The foUowirtg table gives the principal dimensions o£ 
tilwe boilers: 




I 
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TABLE LXXX. 

SNYDER'S VERTICAL BOILERS. 





CKNTBAL SHELL. 


HORSB 








POWKR. 










DIAM. 
INCH. 


LBNOTH 


THICK. 




INCHB8. 


INCHES. 


1 


10 


24 


5 
Iff 


2 


12 


30 


A 


3 


15 


39 


A 


4 


15 


39 


A 


5 

• 


15 


42 


5 
Ifl 


6 


15 


46 


A 


7 


16 


50 


A 



SIDE TUBES. 



MO. 


DIAM. 




INCH. 


82 


% 


38 


% 


44 


% 


88 


% 


H8 


% 


9ft 


% 


105 


% 



LENGTH 

INCHES. 

16 

24 

27 
50A86 
50 A 42 
G0&42 
60 JbSO 



HEAT- 
ING 
SUR- 
FACE. 



SQ. VT. 
14 
24 

85 
48 
58 
69 
83 



BOILEB. 



DIAM. 



INCH. 
20 
•25 

25 
80 
80 
35 
85 



height; 



VElOHt 
i COM- 
' PLITI. 



INCHES. 
50 
61 
68 
70 
73 
77 
81 



POCUDft. 
S88 
700 
6S0 
1,150 
1^ 
1,300 
1,423 



Flynn^s Vertical Boiler — A vertical boiler, having many 
of the good features already recommended, are contained 
in the design by Mr. Daniel Flynn, Fall River, Massachu- 
setts, and shown in elevation in figures 81 and 82. Its 

cliief peculiarity lies in an enlargement or belt around the 
waist or middle portion, which is enclosed with and forms 
a part of the boiler shell, and which, in combination with 
the provision for returning gases, contributes greatly to 
the eiticiencv of the invention. 

Fiiruro Si is a side elevation, showing, on the riirht 
hiind, the outside of the casing, and on the left, the same 
broken away, preseiitiTig a perpendicular section of the 
interior arranirenients. Fi«:ure'82 is a horizontal section 
of the boiler through XY. In Figure 81, A is the grate, 
B the lire chamber, and C and C the surrounding interior 
and exterior shells. The products of combustion follow- 
ing the direction of the arrows in the engraving, arising 
from B, first pass through the tire tubes, aaaUy into the 
mixing chamber, K, From this receptacle, the gases have 
their exit through the large openings, FFF, and after 
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having imparted a portiou of their heat in the ordinuj 
manner, are retained by the conical casing, P, which ioclow 
the space, G. They are conseqiioutly compelled lo dewcnd 
through tiie fire tnbes, b, into an annular chamher, H, 
which is inclosed in avoniral casing, Q. Thence the gut* 
rise through the exterior circle of fire tubes, r, and pBW 




into the large space, I, and finnlly are discharged through 
the chimoej at the apex, the object of forcing them 
through this circuitous course being to gain the full ben- 
efit of every particle of heat. Tlie particular enlargement 
above referred to consiats of the space between the amw- 
lar tube sheets, M, M-, mid the outer casing, R, in wh)c1> 
are the circles of tubes, b iind c. 

A special point of advantage, to which atteiiUot) it 
directed, is the arfiUigeiuetit of the water spaeca. A eta- 
tral chamber, W, will be Dolii-ed, exti^nding above 
crown sheets as far as the mixing chamber, E. AJ 




point, it ia reduced in Btze to a tnbe, W, which terminates 
It the bottom of the steaia drum, S, its open upper end 
being surrounded hy & perforated cover, V, which prevents ' 
»tno violent upward motion of tlie current generated in 
the lower chamber. In connection with the other water 
s[»Bces which lie between tlie systems of tubes, surrounding I 
the Jire chamber and occupying tlieinterior of the surround- 
ing casings of the mixing ehamber, and linally cover the ' 
lower portion of the ateani drum; this cenlrai chamber i 
adds greatly to the already large separating surface, so 
that steam nniy be rapidly disengaged without carrying 
up water into the steam pipes. 

For easy access to all parts of this boiler, for repairs, 
ample provision has been made. By removing the cover- 
ing at Q the tubes, b and c, may be readily cleaned, the 
refuse falling out at H, by its own weight. The opening 
of the door at L permits entrance to the space, I, after 
which, the door, f, being displaced, access may be had to 
the chamber, Gt. Through the opening, 0, the interior of J 
the st«am drum may be reached. At U is the steam pipe, 
its inner end, T, opening upwards in order to prevent its 
becoming obstructed through priming of the boiler. To 
the left of the illustration is the appliance for the test 
cocks and glass water gauge, which, it ia claimed, prevents 
tbeee appendages from being choked or otherwise rendered 
inoperative. Its form is plainly shown and needs no spe- 
cial explanation. 

The efficiency of this boiler bus been amply tested and 
with Buccoasful results. Attention is called to the liberal 
aiee of the grate, which, it will be noticed, is of much 
larger area than could he aflbrded if the lower portion of 
the boiler were made on a cylindrical instead of on a con- 
ical form. As regards economy, its consumption of fuel 
i» claimed not to exceed two and a half pounds of coal 
per hour per horse power. In a recent letter to the writer. 
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Mr. Flynn says that he has obtained an evaporation of llj 
pounds of water per pound of Cumberland coal. 

Ample steam space is afforded, which maybe increased 
by making the steam drum of any required height. The 
outside covering forms a jacket which confines the heated 
gases around the interior steam generator, so that every 
available portion of heat contained in the escaping gases 
is utilized. 

Suiter's patent steam boiler — This boiler is of the fire box, 
fire and water tube variety, and consists of furnace, tire 
throat, combustion chamber and horizontal return tubular 
boiler — the whole united to operate together. About the 
fire box, throat and combustion chamber are water spaces 
similar to the water legs in ordinary fire box boilers; and 
circulating pipes are provided from the bottom of combus- 
tion chamber to the bottom of the fire box, and from the 
sides of the horizontal boiler to the side spaces in the fire 
box. A steam pipe from the steam space in the top of the 
combustion chamber to the steam space in the horizontal 
boiler is also provided. The grate bar is somewhat novel 
and consists of the ordinary straight single bar depressed 
to form u lire basket in the center and prbvided with si»ace> 
at the ends to admit air over the fire. 

It will be observed that the combustion chamber is so 
designed that the pressure on the upper and lower sheets 
tends to tighten the joints of the vertical tubes and thu^ 
require no special staying, the circulating pipes acting as 
supports. 

Messrs. Slusser & Suiter, Cincinnati, Ohio, have in use 
at their works a small boiler, as shown in Figure 83; it is 
of the following dimensions: Horizontal shell four feet 
ten inches lonjj^ bv twentv-six inches diameter, with 
twelve three-inch tubes whole length of shell. Fire box 
twenty-six inches diameter inside by eighteen inches ver- 



I 
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tical depth from bottom of boiler to grate, with two 
inches water space around the fire chamber and ash pit. 
Ash pit same diameter as fire box and 12-^ inches deep, 
with a water bottom two inches deep, connected with the 
water spaces around the fire chamber. The fire throat, 
which takes the place of the ordinary bridge wall, has a 
constant width of twenty-six inches and a vertical depth 
ranging from ten inches at the front end to five inches at 
the back end; the length of throat parallel with axis of 
boiler is eighteen inches. The bottom of the throat is an 
arc of a circle of thirteen inches radius and has a two-inch 
water space connected with the water spaces of fire box 
and combustion chamber. The combustion chamber has a 
diameter inside of twenty-six inches and a vertical height 
in center of twenty-seven inches. The bottom of the com- 
bustion chamber is provided with an entrance hole for 
examination of the interior and removal of soot and ashes 
as these may collect in the use of the boiler; this hole is 
surrounded by an annular water space two inches deep. 
The water space .above the crown plate of combustion 
chamber and the annular space around the entrance hole 
are connected by vertical water tubes to secure circulation. 
The chimney is of sheet iron, twelve inches diameter anJ 
about thirty-two feet high from surface of tire grate, con- 
nected to front of horizontal section of boiler by the usual 

breecliinic. 

An evaporative test was made in April, 1878, under the 
direction of Mr. John W. Hill, consulting engineer in that 
city. 

The coal fired during the trial was Pittsburg, taken 
from the pile in the boiler room; this was weighed and 
dumped in charges of 25 pounds. The water was meas- 
ured to the boiler in charges of i300 pounds, by duplicate 
tanks connected with suction of feed pump. 
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Calorimeter tests of the quality of steam produced 
faibiteU a sliglit super beat; lienee, all the water pumped 
to the boiler was evaporated. 



hgthofboriitoDtal Bh»11 4 feet 10 inches. 

>et«r of homo ntal shell 2& iiiirhoa. 

Biet«r or Hre Ih>x insidr.. 2)3 int^h^s, 

leter of combustion ohttmber inBicle . 2G iiit-beB. 

laMl tubes > 12, 3 iiioh^s. 

SVrtimt tub(« 6, 3 iurihei). 

neuting surface 1.. 100 squnrofinet. 

GmtP surface 1.983 square feet. 

(.'roBB HU'tion of tuh^s. S4.S2 square inches. 

Ileatici^ lo grate surface. r>0.43 

Gmte aurfni-^e lo cross suction of dues.,.. 3.30 
CroM HMiiou Rues to chimney 75 

Dumtinii of trial fl hours. 

Tnmppmlure of nlmnspbere 73.8° 

I T«niperaiure of water to boiler 146,5° 

IKure hy Meam gauge (corrected) 93.03 
W delivered to boiler. 4965. lbs. 
H- entrained » Noue, 
fired 594.fi lbs. 
knd dluker returned 37.5 Iba. 
MUiii.-ni or TaiAi- 
D per pound oF coal (from feed) 8,35 Ibi. 

Stoim per poand of coal fmiii and at 212° 25 lbs. 

Siram per pimnd of combustible 8.900 lbs. 

Kaiii pt«r mjunre foot of bentiug Burface per hour, 5.52 lbs. 
1 fired per "(jiiara fool of grate surface per 
jlioitr 33,31 Iba. 
SanU^ of n on -combustible in cotkl 6.3 
boiler is entirely Hoprotected from loss of beat by 
illation, and, according to Mr. J. C. Iloadloy's deduc- 
reia, eleven per cent of the total heat developed was 
Mted in this direction; whilst, had the boiler 
Ot«cted hj brick aide and end walls nnd overhead archt 
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with an air space between the brick-work and surfaces of 
boiler, the loss by surface radiation would have been 
reduced to about three per cent, and with other conditions 
the same, the trial would have developed an evaporation 
per pound of coal from and at 212° Fahrenheit of Mi?^ 
=10.07 pounds. 

Several years ago Mr. Hill made a series of evaporation 
trials on five small locomotive fire box boilers, the heating 
surfaces in which were, for the 

First boiler 95 sup. feet. 

Second boiler 85 sup. feet. 

Third boiler 102 sup. feet. 

Fourth boiler 84 sup. feet 

Fifth boiler 85 sup. feet. 

And the evaporation per pound of Pittsburg coal, from 
and at 212"^ Fahrenheit, was for the 

Finst boiler 6.0t) lbs. 

S(*('<)ii<l boiltM' 5 07 lbs. 

riiinl boih'r 5 54 lbs. 

Foiirtli boilor 6.12 lbs. 

Fiftli ))«)iler 6.44 lbs. 

TakiiiiT the averai^^e evaporation of these five boilers at 
0.83 pomids, then by this data the Suiter's boiler is capable 
of doin^ (>J '^f^ z=z 1.585) nearly sixty per cent more work> 
or furnishing sixty per cent more steam with the same 
expenditure of coal. 

Taken together, the heating surface was less and the 
grate surface more in I he five boilers mentioned than in 
the Suiter's, and by the ordinary methods of estimating 
boiler capacity, would be reckoned equal in power to the 
Suiter's; hence the comparison of economic ettects is fair, 
and exhibits the relative value of the latter boiler in a 
striking manner. 



- ^ 




Oaring the trial tbe haadliDg of the coal was not Ibe 
beat possible, and the boiler was set in the baildtBi; in 
snch a manner that tbe air cnrrents freely virvulateJ 
uonnd, &cilitiiting tbe absorption of beat br the atiuos- 
phere from the naked surfaces of tbe arrangement. 

Mr. Hill says: " Considering tbe size of tbe boiler. 
I regard the eeonomy obtained as excellent: and am of 
tke opinion that there is merit sufficient in it to justify the 
construction and trial of similar boilers of larger dimen- 
sions." 

The qaeition of durability and facility of repair can 
only be determined by continuous use for a reasonable 
length of time. 

PortaMe boUer.* — Tbe demand for a portable engine for 
;tiealtaral purposes has been increasing for many years 




past, and is now a very Urge and important branch of | 
industry. The boilers supplied with this class of eugiiici 
are often of some one of the vertical tubular vurietius, \ 
more generally a modificRtion of tlio locomotive type. 
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Figure 84 is a sectional elevation of a boiler tlesigiieii by 
the writer for the Atlas Engice Worka, Indianapolis, lud. 
There are several hundred of them now in use, and. willi 
proper care, form a very good and aerviceable kind of boiler 
for the purpose intended. 

The writer doea not wholly approve of the water bot- 
tom to the fire box. This was made so originally in orderlo 
meet the requirements of Sontborn plauters for wse in or 
arouud their cotton gins; they ' ire apprehensive that open 
bottoms, fitted with the ordinary ash pans, mi»:ht endan- 
ger their premises, and reqnin something which seemed 
to offer a better security against 5re. 

This boiler is fitted with a hre box, having an arched 
top and strengthened by means of stay bolts, as shown in 
the engraving. The reversing of the head at the fire box 
was done to secure better riveting and calking. This 
boiler steams rapiiily and is very economical in the use of 
fuel. The following are the principal dimensions, as sup- 
plied with portable engines. The latter size is not<isuii!Iy 
supplied with wheels, but mounted on skids instead. It 
can be mounted, however, if desired: 



TABLE LXXXI. 

PRIHCirAL DIMEHTIONS OP POBTABLE noiLEBE. 



Diameter of boiler. 
Length of boiler. 
Length of tire b( 
Height of lire bi 
Width of (ire bojc. 
No, of 2)-inch tubes. 
Length of tubes. 




SE M I- PORT ABLE H- •! I. IKS. 






In some •'practical " te>ts made at the works with vorv 
inferior coal as fael, and feed water at a temperature of ts>^" 
Fahrenheit, the eight horse power boiler evaporated twelve 
cubic feet of water per hour, the ten horse power evapo- 
rating fifteen cubic feet in the same time. The evapora- 
tion was under a pressure of eighty pounds per square 
inch. The boilers were in the condition usually delivered 
to the trade, and the test was as near as possible the same 
A8 the firing would have been in the hands of the purchaser, 
except that it was conducted with a view to ascertain the 
^tctaal evapormve capacity of the boiler instead of an 
Economy trial. 

TABLE LXXXII. 

SEMI-PORTABLE BOILERS BY ATLAS ENGINE WORKS. 



EXGOrB. 




^Diameter of cylinder 

length of stroke 

StevolutioDs 

diameter of boiler.... 
Xength of boiler 

Length of fire box.... 

Height of fire box. .. 

Width of fire box.... 

No. of 2i inch tubes.. 

Length of tubes 

Diameter of dome 

Height of dome 

Diameter of stack 

Length of stack 



Sin. 
12 in. 

160 
30 in. 
10 ft. 
40 in. 
40 in. 
26 in. 

28 

6 ft. 
16 in. 
18 in. 
12 in. 
20 ft. 



HORSE POWKR. 



20 



9 in. 
14 in. 

150 
32 in. 
12 ft. 
54 in. 
45 in. 
28 in. 

28 

7 ft. 
18 in. 
20 in. 
12 in. 
20 ft. 



25 


30 


10 in. 


10 in. 


16 in. 


20 in. 


140 


120 


36 in. 


40 in. 


I2J ft. 


13 ft. 


54 in. 


54 in. 


48 in. 


40 in. 


32 in. 


36 in. 


38 


49 


7^ ft. 


8 ft. 


20 in. 


24 in. 


22 in. 


24 in. 


14 in. 


16 in. 


25 ft. 


30 ft. 



40 



12 in. 

20 in. 
120 

42 in. 
I5ft.4in. 

54 in. 

50 in. 

37 in. 
58 
9 ft. 

24 in. 

24 in. 

20 in. 

30 ft. 
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The above table gives the proportions lor lioUei 
I the same style, but of larger sizes 

Locomotiee boilers — It ia not witLiii tlie scope i 
I present work to entff into tbe delaile of locomotivoj 




striiction, iu wliicb tbe l>oiIijr ligiires eo largely, 
that has already been said in rt-garO to botler» in f^tiera 
upplies to locomotives. There are aUo mntiy detiiils <il 
eontruction, which tire i)ei.-»liar 1o diffcrciil biiililen 
and to certain roads. These coiild imt be entered into 
I without departing from the original purpoeo of ttie writer, 
I It will suffice, perhaps, to give iu brief outline the priuci- 
pal dimensions of the locomotive boilers iu use on the 




Pennsylvania railroiul as a guide merely for tlic pd 
I tioning of tlii« kind of boilers f<ir statinriary au 
I short description is appended to each eograTinj 




I.OCOMOTtVB UOILGHS. 



ch ciat 



of eng: 



%e particular aervica for which i 
itit«Ddcd. 

In using tlie proportions in the table for stationary 
purposes the size of the boiler is about right for single 
ojlitider engines of the sizes given in the table, if used 
with iiiitiiml draft. The combustion of fael is not as ccon- 



1 




oroii;aI"nn the road" as when the rate is lower; which 
would be the case when used with ordinary chimney or , 
force draft. ' 

Figure 8S is a representation of the boiler used with 
eof^inex in class A, 17^24 cylinders, which are the ones 
employed for passenger trains on the main line, excepl^a 



o°o 



KRaanutain districts. The principal dimensions are giva 
J>Io LXXXIII. The shell and fire box of thjs cl»; 
oilord, and, iudeod, all the boilers on J 
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wholly of steel ; the tubes are, in all cases, of wroaglit 
iron, lap welded. 

The boilers iii class B are Homcwhat larger than in cl»M 
A, and supply 18x24 cylinders. These engines are U8e4 
mainly in the mountainous districts for passenger aervico. 




The driving wheels are aisty-two inches diameter as againet 
sixty-eight in class A. The tubos are increased in number 
and decreased in length over class A; the total heating 
surface being nearly the same. 

There are two styles of boilers for the engines coming 
within class C. The one represented in figure 87 \a f 




burning anthracite coul, and the une in figuro 
bituminous coal. The cylinders for both styles of 
are 17x24. This engine is used for passenger, lodll 

fast freight traifia. The ruinilmr uu.] «i/,n -f |h« 




between these two boilers, a amaller tube being nsed for 

the anthracite than for the bitumiiious coal. The rate of, 

combastion being slower far the anthracite coal, the gratfl 

. U of larger area, and the heating surface in the lire bo*^ 

LgMveased nearly forty per cent. The tiihe area is some* 




^^^^Kt lees than for bituminous coal. The total heatine 
^^^^Bce divided by the tire grate area is 60.5 for the bitu-| 
^^^K»G8, and 39.86 for the anthracite burning boiler. Tb» 
^^^^Mng wheels are sixty-two inches diameter. 
I^^^T^he engines in class D are intended for ordinary freightd 
service. The tabes are larger in diameter than for any of ■ 




Efl hollers preceding it and of greater length. The lire 
grate area is also less, the grate bars being but sixty inches 
I length; the total heating surface in the lire box being 
c feet aa against one hundred iind fifteen in class 
Idodb. The cylinders in engines of this class are 
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18X22, with aix driving wheels, fifty-eix inches in diameter, 
The engines in class E are intended for freight service 
in the mountain diatricta. The cylinders are the same « 
for class D, viz, 1&X22. The drivers are six inches less in 
diameter. The tubes are longer than in class I>, as ia also 
the length of the tire box. The total heating surface in 
this boiler ia greater than any preceding it, except classC, 
anthracite. 

The hollers in class F differ from thoae already referred 
to, in the absence of the "camel back." This does not 
reduce the width of the fire box, but does reduce the 
height. Thia engine ia need for making up trains and for 




general yard service. The fylindera are 15X18 incliea, the 
driving wlioels are 44 inilies diameter, Tlie tank is placed 
over tile boilor, as shown, 

Tlie engines in olasH G arc used for passenger service 
on brancli lines. The cylinders are 15X22 inches, and have 
56-iiich driving wheels. 

This is a good form of boiler to use for stationary 
engines. The writer prefers it to what is known as the 
camel back, as shown in figures 85 to 90. As the rate of 
combustion is less when used in a building from what it 
would be " on the road," the fire box might be lengthened 
if thought necessary. 
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LOCOMOTIVE BOILERS. 



The boilers in class H are very similar to those in class 
P. The Ijoilers are larger in diameter, as are also the 
*liameter of tlie tnbea, Tlie tire box is about ten inches 

longer. The oyliniiers arel5>22 inches. The driving 

wheels nro forty-four inches iu diameter. 



10^^^ 




The engines belonging to class I are represented id 
Ggure 94. This is the largest and heaviest class of engines 
In nae on this road. The boilers are peculiar in their 
oonetruction, as seen from the above engraving. These 
engiues are for heavy freight service in the mountain dis- 
trii'ta. The cylinders are 20X24 inches. The driving 
wheels are 50 inches in diameter. For the constructive 
details of this engine and boiler, and for the others already 
given, the reader is referred to "Engineering," volume 24 
or to "The Pennsylvania Railroad," which is a reprint of 
the articles contained from week to week in "Engineer- 
ing." 

The principal dimensions of these boilers are collated 
from the tables published in Engineering, and given in 
table I^XXXin, which may be of very great service to 
those interested in boilers of this type. 
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CHAPTER XII. 



BOILER SETTING. 

Ordinary Boiler S<>ttingH— Ornte« — Force Draft — ttMiBUtnoe «t Ait ia J 

Passing tlirough Pipes— Sizes of Pipoa inquired Tor Ont* A 
The Jai-via Furnace— The Butmnn Furtiiwe — Thf> Pieroo V 

After deciding winch kind of a boiler is best 
for any particular service, the qacation of boiler setting ' 
Bbould then be carefully con- 
sidered. There are all sorts of 
ideas as to how a boiler should 
be set ; many of them good 
and quite as many more at 
variance with the actual re- 
quirements. It mattera little 
what the particular design of 
the furnace may be, if it aflbrds 
complete combustion. The 
requirements in furnace con- riair«i 

Btrnction have already been presented in Combufllion of 
Coal, to which the reader is referred, particularly to 

Chapter V, oii combustion. 

Chapter VI, on air required for furnace combHstioM. 

Chapter VII, on the furnace. 

Chapter VIII, on the products of combuation. 

A very common form of boiler setting lb aboijl 
figure 96, where but little money is to he expended 1 
erection. It is by no means the ideal furnace; 




iiishes good evaporative resulta when properljr firi 




i 



tILBK .SETTING. 



3iir. 



Tlietbllitwing table gives the ordinary proportions; tlie 
titers irt tlie table aro those corresponding to dimension 
Ui-.* IIS given in the enijravinj; hcitrinir the same letters : 
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The distance given in column D ia from tits tienler of 
I the cast iron front to the baek end of the rear wall. 

The dUtuncc E is intended to be that of two Uriukt. 

! There are sections of the country where bricka will not 

lej to nine-i(iub centers. In any such ease the thickness 




miiy be vsirieil to suit the size of lUe bricks. This will 
I apply to columns H, J, 1'. S and V, 

The distance K will vary with the diameter of the mud 
f drum, if one is used. The drum may, in gonoral. be onc- 
I third the diameter of the boiler and may extend from oul- 

sido to outside of the walls and should always be fitted 
I with a man hole. In building the wall, proper allciwu 

must be made for expansion. Figure 97 bHowb i 



"H 




I drum suitable for a single setting and figure 98 for i 
*l)le Betting. Souietimes the mnd drum is placed T 
' direction nf the boiler instead of across it ; in tbi 
. the nozzle ia fitted ut ouc end of the dram, the oil 
Lpassiug out through the rear wiiJl. 




iliatancu given in oolumit L i* t.Iiat, wlicri ttie miz- 
I riveted to tlio secniiii sheet from t)io reiir eiiJ, w 
tlie itbeets liave twenty-four inch cuiiter^^. 

The thickness, 9 and V, lire for aiugle wnlls. hut douhl^ 
wnlls are recommcTnled inatoad, ua hein^ more ecunomical 
ill fiii'l. Tliedistauce W ia that from the lace of tliehridj 
wull til the iiiiside of Ihe fire front. The gmtc hurs have 
"n-*t" of about one inch at each enil on the hridge wa 
[date and on (he hearing bar attached to the tire fronul 
The fronts are intended for separale breecliings to bel 
»ttiic)ied to the boiler. When a smoke box is formed by< 
a fon tin nation of the ehell. a deeper lining uronnd the fin 
wil] he required if the frtint is brouglit ont"flu8h'' 
end of the boiler, Tliia will also change diataiices D andG 
as wrel! bh \V, 

The distance, Z, is to the under aide of tlie grate. Thrt 
engraving shows the grate bum slightly depressed at thai 
tiack end. This a very eommori prarticc in setting grntee 
The writer does not attach any special importance to it. 

The distance from the niider side of an externaMy firet 
boiler to tlie top of thv grtitcs will vary with tlic kind o 
fnel to he burned. Kor hituminous coal, so far us ih 
writer's ohaervniion goes, thirty inches appears to he tlie ^ 
bc'C difttAnce. 

There are scverni "batteries" of boilers known to tlia J 
wrEtvr iti which the distance ia thirty-six inches, and i 
(Itie iiti<lHMue forty-eight inches, lit ia not apparent that I 
anything in gained by this extra distance over thirty! 
iticlies. For semi-bituminous coal the distiiiuc may ho j 
twuDty to twenty-four inches, and for hard anthracitBi 
uhont eighteen inches. Tliese distances may be varied I 
somewhiit lo aiiit local conditions. 



The furnace walls, as sho 



1 figure Va. are brought J 



I the boiler aides on the line of the diameter. It i 
nmetided tltat lliey be oarried up to the waler lino <) 
ijqdtliai) increase the heating surface. 
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It. will he observed that the longitudinal dimensiona ai 
t'oi' boilers twelve feet long in all cases. In whatever 
jirnoiint the boiler ia longer than that distance, columna B, 
C iind i) imly are changed, unless the rear support to the j 
boiler is to be brought nearer the furnace, in which caw I 
lie distance, L, will be increased and C decreased. | 

This setting has a cast iron plate at the back endof th>^ 
boiler, instead of being arched, as is sonietiaies the caa-. 
and shown in figure l(t5. 

The writer prefers a plate, eepeciallv for tubnlar boil- 
ers, aa it enables the end of the tubes to be quickly got at 
for repairs or examination ami affords a good light at thf! 
same time. No objection exists, however, to the britk 
arcli, and it may be commended for the faoility which it 
affords the return of tlie gases through the tubes or flue*. 

The walls are carried up, as shown in the engravirg. 
and filled In over the top of the boiler with some good 
non-conducting material. There are a number of good 
non-conductors in tlie market, which may be used, or a 
brick arch may be carried over the top of the boiler. Tbi:* 
arch may rest upon a thin wooden lining laid over the tup 
of the boiler. Wherever brick work is to come in contact 
with the shell of the boiler, the joints should be made witii 
fire clay instenil of lime mortar; fire clay should also bf 
used with fire brick in the furnace. 

Brick should be used throughout in the boiler setting. 
and is to be preferred to stone for the foundations. 

There are localities in whieh boilers are seldom or 
never set in the manner shown in figure 96, but have roll- 
ers underneath, as shown in figure 105; or rest upon the 
side walls, the boilers having cast iron lugs riveted to the 
shell, as shown in figure 61. The writer has fitted them 
in each of the styles indicated, but prefers the mdd drum, 
either as shown, or passing out through the rear wall. 
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The grate surface is compoaeil alternately of solid metul 
*k.ut] free epacee in about equal areas, or. perhaps, the solid 
*»ietal slightly exceeds the spacea. The grates should have 
depth instead of width for the needed strength. It is cas- 
toinary to make the grates of cast iron, though bars of 

inch or inch and a quarter square iron are often used. For 
Xarning anthracite coal a grate made of wrought iron 
tubes, through which the feed wuter is made to pass, has 

been used with good results. A modification of this grate 

is frequently applied to locomotives. 

The ordinary grate bar is too well known lo need any 

description. Figure HSI is an engraving of a grate bar 

made by Albright A Strob, Manch Chunk, Pa. This grate 



bar may be used with coal, wood or sawdust, and presents 
more free space than is usual for grates of this class; it is 
of light weight, and after a trial it has been found to with- 
stand warping in heavy firing. 

The clearing of tires by meam* of slice bars and books 
10 a very difficult and exhausting kind of labor, especially 
if the grates are of any considerable length. The radiant 
heat from an open furnace door during the hot summer 
months is very trying, and none but experienced fircnien, 
as a rule, can stand it. 

Ryder's reciprocal grate bars — Figure 100 is an engrav- 
ing of a grate bar manufactured hy Mr. J. F. Montgomery, 
Taunton, Mass., and is knoivn as Kyder's patent reciprocal 
grate bar, which was designed to overcome this labor- 
ious and difficult operation. These bars are simple in 
conntruction., and consist of a series of movable and sta- 
tion&rv bars. The movable burs (every other one beinj 



I 
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statiouRpy) are moved liiickwiirti Hi id forward ffurt 
iiicbes \>y a lever in iVuiit of tlie boiler, tlimiigli tlie a'li 
pit door. The movable burs resling on Cnciion rolUuw 
raised above the stwiionury bars a little, und liove a w- 
ragated eurface for friction, which (horoughly ilistiirlrflbe 
coal, ileatroyH the clinkers ami removes nil llie ui<Iii-s. Uios 
opening up a thoroiii;h ainl miiform dnifl over Iho eiilir* 




firo surfiu-e. By the uiiifopniity of drafi and ventiH 
ihna gained, a more [lerfect conibiistioa of all' the gm 
obtained. 

SteaiiHliip ciigiiieerH niid firemen of lung experience ' 
sailing out of New York and Uoston. and tho»e who are I 
running stationary engines and boilers with these l>ars, I 
report excellent rct^nlts in llic et-onomy of a)al. Aud tbnt nn 
easy generation and uniform pressure ot steam is nhtauie^ 
witli light tires — tiring oft<;n with lilllo coaj 



The bar« ahoiild be worked as often j 

Xo keep the fire olear from ashea and clinkers, The damp-^ 
«ra iti tile (liics sliould be kept well closeil. in order toJ 
intensify the heat and retain it in contn<;t vvitli tlte heatings 
eurfuce of the boiler and tubea, instead ol rapidly forcing 
I it through them hy strong draft, and rjut of the smoker 
I stack or cliiinney. with the gases of tho coal half eonsuni 
^^lU wasting nearly one-half the value of ihe coal, 
^HfeEeeping the damper closed as much as possible is a 
^^Bd practice at all times. The writer has referred to i 
^^6ce or twice previously in this book. 

It is claimed that the reciprocal grato bars develop al 

new and successful method 

for the ventilation of fire§, 

aa they produce a level sar- 

faceof coal over the entire 

grate, ensuring, by the re- 
I ciprocal action, a uniform 

or e<{ua] consumption nf 

coal ; that the bars will not 

warp or crook; that with 

three vibrations of the 

lever, more execution can 

be performed in the ven- 
tilation and cleaning of the 

fire, than by the use of the 

poker or slice bar in one 

hour's time; that a better 

fire can be ohtiiined. with 

less draft hack of the 

bridge wall, less fuel and 

less labor than with any 

other bars in use. and no 

losA (but a gain) in xtenni. 

while cleaning tires, as the dre di 

cleaning them. 




J never open whil* 
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Force draft — In case the tlnift should be (Jeficiciit or 
sluggish, a Bteam jet or blast iiiiEzle tuay he ineii ffilli 
advantage, soiuclhiiig like the one shown in figure I'tl.aiui^ 




placed ill the inturior iind at the has« of the ehimney. as 
shown. Thia is not equal in efficiency to the forcinji uf 
the air under the grales. This iisiially requires ao roa 
special adaptation of tlio njipiiratus to the ash pit or i 
nace and is not ?o ra'tlly or cheaply npplicd, hnt in;d 
"long ran" there i» ecmioiiiy by so attaching il. if itff 
be a permuiii^nl fixture. Figure 102 represoiUa till* 1 
of iippnratus for a force ilraft, tis designed by Sehn 
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the fire may be adjusted by meaus of. the valve in t!ie 
steam pipe at A, tlie supply of air being admitted throngh 
the pipe B. Figure 103 shows the applicfttinn of lh( 
blower to a Cornish boiler. 

This firm make four sizes of these blowers, with cupa- 
cities as follows: 

TABLE LXSXV. 

STEAM JUT BI.DWEKfi FOR BOtl.KR F;/BNACKS, »Y KCUUTTF, iHD 





r.|..c.rT.. 












eizK. 


UK BEUDIRED 


(.-lltLI'OSM'HKll 


or 


Atm tHHrnixcl 






l-EH iiorii. 


STEAH WPK, 


AND nt.n. 




IS crmc CEKT. 








! 


:i(Mxi.j 


1511 


i inch. 


6 inch 


2 


rt],0(M» 


:;(H) 


i inch. 


8 inch. 


3 


120,(KMJ 


r.o(i 


1 inch. 


10 inehei. 


4 


200.000 


1,2110 


1 inch. 


U inched 



A fan blower is uftcii used for the purpose of supply- 
ing: ftir to tho ash pit, and serves a good purpose. The only 
objection to such an arrangement is, that it must be actu- 
ated by moving machinery, which is not always at hand; 
but whenever it is convenient to make suitable attachments 
it may be used with advantage. Blast gates should be 
used in all cases and inserted in the blast pipe at any point 
most convenient for adjustment. When two or more boil- 
ers are placed in the same setting, there should be a branch 
pipe and gate for each boiler. The sizes of blast pipes 
required, as given below, are for one furnace; where two 
or more are connected and supplied from one main pipe, 
its size can be obtained by reference to table LXXXVII. 
The following data is from the catalogue of Mr. B. F. 
Sturtevant, Boston, Maes. : 
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TABLE LXXXVI. 

i^IIOWING DIAMETEU OF PIPES REQUIRED FOR SUPPLYING AIR TO 

BOILER FURNACES. 



KO. OF 


CUBIC FEKT 


DIAMETER 


NO. OF 


CUBIC FEET 


DIAMETER 


SQUARE 


OF AIR 


OF 


SQUARE 


OF AIR 


OF 


FEKT 


TO BE 


BLA8T PIPE 


FEKT 


TO BE 


BLAST PIPE 


OF GRATE 


SUPPLIED 


REQUIRED, 


OF GRATE 


SUPPLIED 


REQUIRED, 


SURFACE. 


PER MINUTE. 


IK IN'CUES. 


SURFACE. 


PER MINUTE. 
1,000 


IX INCHES. 


1 


125 


^ 


8 


8A 


2 


250 


H 


9 


1,125 


9 


3 


375 


5J 


10 


1.250 


^i 


4 


500 


6J 


12 


1.500 


10 


5 


625 


7 


15 


1,875 


11 


6 


750 


7J 


20 


2 500 


121 


7 


875 


8 


25 


3.125 


13J 



Mr. Startevant has given this subject a great deal of 
attention for many years, and has made many and costly 
experiments to determine the frictional resistance of air iu 
passing through long tubes or pipes. The following table 
was calculated for the use of those putting up blast pipes, 
who, knowing littlie or nothing of the frictional resistance 
of the air, are apt to think that because the combined area 
of four 6-inch pipes is the same as one 12-inch pipe, that 
the four pipes will convey the same quantity of air, with 
the same ease and freedom, that the 12-inch will ; whereas 
it actually does take 5.7 — almost six 6-inch pipes. Again, 
sizteeu 8-inch pipes have the combined area of one 12-inch 
pipe, bat in actual practice it takes just thirty-two 3-inch 
pipes to do the work of one 12-inch. This is due to the 
ezcett of fKetion for every cubic foot of air in the small 
pipee-over that in the large: 
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-jsaisBijc 15161 


-■•"--•--"2 = = 2:2 



The large figures at the top of each column give t 
diameters in iochea of the branch pipes. The figui 
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h& intersectiou of the horizoiiitl line with the vertioiii give 
he number of pipes, of the diumeter given iit ihe to]> of 
he column, tliat will he equal in capacity for muvejiTig 
ir to one giveu opposite in the firsi column. 

Thf. Janis /uritace — This improved design in furnaces 
or steam bailers is that of Mr. K. M. .larvig, I'eabody, 
MiDi9.. atid shown in longitudinal section In figure 104. 
Fhe object Mr. .Tarvia had in view in working out this 
iesign was, to take advantage of the quantity of heat escap- 
ing from the ordinary furnace and compel it to perform a 
useful service, by heating the air re<)nired lo complete the 
»mbustion of the fuel and gases evolved during the pro- 
:esa of cotnhnstion. 

In order t.o accom|ilieh this he utilizes the bridge wall 
ind tbe baclc of the furnace, as well as the side walls, for 
ihe heating of the air to be discharged into the combustion 
iharaber, hence the greater portion of the side walls are 
naile double. By thiii arrangement in the i-oustriiction, 
ihe air is delivered to the column of gases freed by tbecom- 
i)U»tion of the coal, through the liottom and sides of tbe 
iOtnbitstion chamber, the heated air acting to reduce the 
WUp«niture of the gas much leas than cold air, thus per- 
itiHling the oxygen of the heated air lo mingle with the 
j^ at a temperature nearer that of ignition, and by this 
means making the combustion more thorough while the 
leases are under the boiler and where the greatest heat is 
Qeedeil. 

The boiler may he either Hue or tubular; the distance 
from the under side of tba boiler to the grate may vary 
ivithin reasonable limits, and may be from twenty-four 
to thirty inches. The grates may be of any of the com- 
nton or improved forms now in the market, and the fur- 
nace arranged for either slow or quick combustion. Back 
3f the bridge wall, G, is an open apace, C, covered from 
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side to side witii a imrt'oratuii caal iron plate, slinwn 
in the engraving; tlirougli tliese porforaiions jmsHeii li<mted 
air discharged t'runi Wues built in the wall or ih tiie b'ttluiu 
of the furnace. The oijietit iii llio iiitrodiiuliori ui' this 
heated air is to mingle with the t-nrhonif^ oxide gKf> while 
it is at a high temperature, and thus supply the oxyg«ii 
needed to iiguin convert it iuio i-arhonic acid eHi^.Kiid thus 
render the combustion complete. The saniv ihiitg may Iw 



also seeurcd, and is in part assisted, hy thy nputiings iu the I 
side walls, us shown in th« engraving. Thu*o hollow i 
also pertVtrui a nsel'iil servicoin preventing radinlion.- 
details of this furnace are very carefully worked OQ|d 
are yielding excellent results. 

The combustion of peat and lignite is one whiv] 
be of considerable importance in the far we8t. and itt 
of the northern states. The application of this fun 
the burning of peat has been attended with very a 
ful results. Peat freshly dug from a marsh to mixei 
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one-fourth its bulk of small bituminoua ooal and thrown 
on the fire, and within a few minutes the gas ilames begin 
to form on the flue openings, and presently the entire fur- 
nace 18 filled with flame, showing a practical gasification of 
the peat and a perfect combustion of the gases. Jso blower 
is needed, as the streams of hot air thrown on the fire 
create a good draught, and ettectively consume the peat 
and with good results in steam power. 

TABLE LXXXVIll. 



Duiatiooul Urst.... 



Tempentuic of l«ed asler. in ilegmn... 

il ntmbuiUhli!, In puunil* 

Puuii'lii of irsttr STaiHimln] [«r t-iuii<l 



f = 



er «v«porKI4d ptrr puunil ot e* 



t.k, Hi -US' 

P'.unili -t irnier ■Tii|wniie<l 



rkpanlvd por iiouiidof 



Cint i>f fuel (vnwaicd in time run" 

limiD tn ccoo'imT, la hiw ol Jarvl. KitiiiK...., 
UainlnimpKltrJilbTDTor Ju-vla wlUni; 
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The above tests in evaporation were made at the 
American Linen Company, Fall River, Mass., onder the 
following circumstances: eight 6-feet tabular boilers, 
running one-half of the mill, were tested, hy weighing the 
water and coal for one week, night and day. The fuel 
used was Borden Cumberland coal. The boilers were then 
reset with the Jarvis patent furnace and tested again for 
the same time. The fuel used on the last test was a mix- 
ture of screenings and soft coal, burned without a blower. 
It only required six boilers, after the resetting, to do the 
same work that before required eight. 

This system of boiler setting is already in extensive 
use, and, in making it possible to burn peat with economy, 
will do much to utilize our vast stores of peaty fuel, and 
tend to cheapen the cost of steam power. 

The Butman furnace — This improvements over the oW 
style of setting steam boilers is the invention of Mr« % 
R. Butman of Dayton, Ohio. The basis upon which the 

inventor rests his claims for success are, 

1. The utilizing of the waste heat from the chimney, 
by furnishing a hot blast to the furnace. 

2. The supply of the proper amount of heated air 
directly to and in contact with the hydrocarbon gases at 
the moment thev are evolved from the coal. 

3. A complete and perfect combustion of the products 
of distillation at the surface of the coal, resulting in a 
large volume of highly heated transparent gases flowing 
oif in contact with the boiler. 

4. Such an arrangement of the furnace walls and pass- 
ages that the heated products of conibustion are equally 
distributed to the surface of the boiler, causing a thorough 
absorption of the heat by the water, and also preventing 
any local concentration to burn the metal. 




F ft. Because of the perfect combustion of the gases and J 

oarbon of the coal in the furnace. Alt smoke is positively I 
prevented. 

Owing to the peculiar manner in which the com- | 
btistion is ejected, all intense local heating of the brick 
valla and linings of the furnace are prevented, thereby 
enBuring great durability and a itiinimum toet for repairs. 




A longitudinal sectional elevation of the furnace is 
shown in figure 105, It will be observed that it does not, 
aa shown in longiiudinal section, materially ditier from the 
ordinary setting in the main essentials. The boiler rests 
ojion the front in the usual manner, and is supported at 
tlio rear end on a concave roller, which fits the shell of the 
boiler and le thus free to roll on a cast iron plate, having 
irva and which is securely fastened to the rear 
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'orms a cot8^» 



I wall. The brick work is bo designed that it formE a coi 
hig over the top of the boiler and coming in contact with 
it at each end only. Referring to figure 106, it will be secii 
I that there are (in this particular case) three peudanta from 
■ the overhanging arch, which nearly but not quite toacli 
I the top of the boiler. These pendants continue oroumt 
I the top of the boiler and extend down to a short distance 
Kbelow the water line, formiog thereby a series of smali 




eomparHiients over iho top ol ;hc Ijoiler — tiie oi)jei,'t of 
these petidauts being to prevent a circulation of heated 
gases over the top and thus compelling them to flow along 
the sides of the boiler below the Water line, yet, nt the 
same time, allowing the upper portion to be jacketed with 
hot gases having a temperature scarcely, if ever, greater 
than oDO" Fahrenheit, 

A foundation plan of a single boiler setting is showu in 

ttgiirc 106. This shows the hollow walls to prevent nidia- 

on, and will be referreil toagain in connei^tion willi figure 

This plan shows the section at the line F, \n figun 
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A horizontal section through the walls at the center of 
he (joiler, la shown in figure IDi, The distance from the 
ide of the boiler to tho iuside line of tire brick at A is 
bout three inches antl gradually increases to llie point 
*, then contracts ngain to C and thence to 1), where the 
lietaDce is a little greater than at A. These distances 
roiu the boiler to the walls at the points B, C, D, will 
iepeud upon the diameter and length of the boiler. The 



I 
I 




ind wall is curved in order to prevent the lorming of an 
iddy of gases at that point and to facilitate the Sow of 
lases into the tubes or flues. 

The enlargement of the furnace at B, which is directly 
ipposite the bridge wall at the rear end of grates, ia for 
he pnrpone of forming a combustion chamber and which 
B better represented in figure 109. Prom this point to the 
ear end of the boiler the walls gradually contract in all 
Urections toward the shell of the boiler and ihus compel 
he escupiug gases to come In closer contact by reason of 
lie contracted area between the boiler and the walls of the 
ornace. Mr. Butinan claims that by this arrangement he 
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k prevents the bad effects of th& luoaliiiutioii of un 1 
llieat at or near tho furnace and secures a more un' 
IdUtribiitiou of heat along the whole under «uri 
I Bidea of the slioH. 

The walls are built with air spaces, as shown, to pid 
radiation of beat. J 
outer, wall and 
nac? Ihiing are sefnd 
laid up^eo that t 
may be renewed, if d 
sary, without disti 
t])e outside walls. 
A transverse eed 
f t)ie riiruaee and i 
I'ulUtil the line A i 
IV 107 is shown in 1 
IV low. Thearch.iti 
_ ,, , , .- -een. touches tbo < 

IL \ '. 'J l! -r tlic. boiler and (" 

11 " H -i.iilimlly enlarges i 

_ ■_ J _1_ ._■_!, ibe boiler, when 

i-oiitraol to the wi< 
the grate. 

Figure 109 represents a transverse section, on thi 

IB in tigure 107, and is that portion of the fnniaoe 1 
as the combustion chamber. The position of gtai 
clearly shown, and attention is directed to the ] 
of their setting. It will be seen that a wall extcndSj 
the foundation up through the ash pit to a distun 
about eight inches above the grates, and over this c 
wall is placed a cast iron box, protected by Uro briclc 
the intense heat of the I'urnace. This c^ast iron box! 
series of slils along each side of its lower edge. The (j 
of this bos ia to form a receptacle for the heatc 
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into it by means of the blower, shown on the outside of the 1 
furnace and marked F. The air is forced out througUl 
these horizontal ^lita in a thin Bheet on each side of the| 
center wall and at a distance of two to four inelie 
the siirlbce of the tire. The object of these jets of bighly^ 
heated air in the furnace is to supply the products of com-- 
bustion with a fresh supply of oxygen in case it should boj 
nceiled. In the combustion of coal ou a grate the air com- 
iner up tlirough the fire from underneath, carbonic acid gas 
iH formed as the product ol perfect combustion, but in pass- 
ing up through the 
fire the highly heat- 
ed rarbon above it 
bbstrncts from the 
molecule of carbonic 
»eid gas an atom of 
oxygen, and two mo- 
lecules of carbonic 
oxide gas arc form- 
ed, which reuilern 
Ibe originally perfect 
combustion incmi- 
ptctc, and thercliv 
lowering thetemper- 
ature of the furmu >' 
uot only, bnt ullow- 
ing much of the liir- 
bon to escape iin- 
bnrned. If.whllethe 
carbonic oxide gas U 
ttill in the furnace, and at a high temperature, it comes in 
contact with a fresh supply of oxygen, it ignites and is 
■bd into carbonic acid gas, which renders I 
^ustioii complete, and a great saving in fuel is effected. 
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The action of the blast, through theae aide jets, ia to 
prevent the localization of an tntenae heat anderneath the 
boiler at the furnace, and tc 
carry it along the aides, and 
diatribnting it over a greater 
..area, and promoting a current 
of hot gaaes along the sides 
of the boiler instead of confiD- 
iug it along the bottom, aa is 
generally the case in the ordin- 
ary settings. 

The forcing of the air into 
the cast iron box ia the furnace 
is accomplished by means of 
an injector, shown in figure 
110, and ia from the designs of 
Measrs. Schutte & Gk>ehriDg. 

In this jet blower, the in- 
ducing current is a jet of 
steam, the quantity of whioii 
is controlled by the spindle II. 
in the steam nozzle; the in- 
duced current of the air is 
formed in a series of nozzles 
of increasing area. The pur- 
pose of these nozzles is to regu- 
late the admission and proper 
mixture of the inducing and 
induced currents in such pro- 
>».■■.»>. portions as not to lose power 

FiotiKiiio. |jy sudden shocks. The quan- 

tity of air to be admitted is regulated by a steam valve. H- 
and is always under the control of the fireman, and mar 
be adjusted as circurastaucea require. 







THE BCTMAS FOKNACE. 

Figure 111 la & seotioti at C 
for heated gas over tlie 
top (if the boiler. TLe 
line of the penrlnnls, 
already describe<l, 1- 
shown by the two lim - 
one on either Biilu, :ii i 
just below the watf I- ! ■ 
of the Wiler, 

Figure 112 show- . 
Beutiou ut the rear em i < 
the boiler, and nuiil. < I 
D, in figure 107. Tu 
arch is buitt down ii|< : 
the boiler at this poin t . ! ■ 
prevent any such tliiii;^! 
as a current of healed 

gases over the top of the boiler; they are thus carried down 

■ line, and below the bottom line of pen- 

dants already referred to. 

^a The area of openings at 

- ' the sides and above the 

rear bridge wall arepro- 

jiortioned to the area of 

ings iu the flues or 

tubes; praotieiilly, theea 

side openings are made 

iiljoiit one-third greater 

ilmii the combined areas 

'it the tubes or fliiea. 

Figure 113 shows the 
method of utilizing the 
waste heat escaping np 



ney. The pipe 
supplying air above the 
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fire starts at the base of the chimney and aacenda to near 
the top, thence downward and from tha bottom to Uie jet 
blower, where it ia forced into the cast iron box between 
the grates, as shown in figure 109. 

The farnace dooro, as uaually fitted to thia famace, are 
shown in elevation in figure 114. Unlike the ordinaryfire 

Sdoor, it ie hinged at the top instead of the aide. 
The door is slightly more than coanterbalanced b; 
means of two aide weights, shown in the enjrav- 
iii','. This weight has a segment of a gear cast iu- 
h'hU, an shown in figure 115, into which a aimiUf 
toothed segment, fitted to the door, is geared, and 
thns the movements of the door and weight are 
controlled by each other. 

On the same central shaft, around which the 
weiLfht oscillates, is alao secured a deflecting plate, 
whicli ia shown in both figures 115 and 116. "When 
the door is closed, as ehown in figare 116, the de- 
flecting plate Is entirely within the 
lionsing. A butterfly register is at- 
tiiciied to the door, through which 
a greater or less quantity of air 
may be admitted, as it may appear 
to be needed. When the deflect- 
ing plate is dowu, as shown in 
ti'.iHtna, ligure 115, the air passes under- 

neath its lowur eilge, ami is thus brought into close sur- 
face contact with the boil of burning fuel. 

When the furnace door is opened in order to supply 
fresli fuel, the deflecting plate is thrown out horizontiilly, 
as shown in tignre IIG ; the object of this deflecting plute 
being to prevent the coltl air from impinging directly 
against the bottom of the boiler, but to so direct its course 
that it shall mingle with the heated gases immediately 
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over the fire, passing otf with them without any local cool- 
ing of the lower part of the boiler ahell. 

The grate used in this boiler setting ia quite narrow, 
and, as will be seen in figure 117, one is placed on each side 
of the centra) wall in the furuace. It belongs to that class 
kiiiowD ae oscillating or rocking grates, and is provided on 
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»t8 upper surface with oblique cutting edges and interlock- i 
ing fingers, which also form parallel ciittiog edges. 

The cross bar is corrugated in the direction of its length, 
and tapers from the top to its bottom; the fingers men- 
tioned in the preceding paragraph are attached to it. 
These are " staggered," as shown in the engraving, so as to 
present a series of irregular orifices, which shall allow i 
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free and full eupplj of air to the fuel. These fingers are 
circular, and when the grate is being " rocked " 
," the same distance ia preserved as wheu in its 
normal coiiditiou, thus prevent- 
ing the loas of any small fuel on 
the grate from falling through in- 
to the ash pit. Each grate bnr 
has an arm projectiug downward, 
as siu v'n ; these pass throtigli 
suital openiugs in a connecting 
bar, uj which they may all be 
moved at once, which can be done 
withou opening the furnace door. 
When he bars are shaken, thf 
whole surface of the fuel is broken 
up, allowing at the same time 
complete access of air to the 
burning fuel. 

Rocking grates are to be n- 
conmiended where the character 
of the fuel will permit, because 
they always prevent in great 
measure, and oftentimes wholly, 
the clogging up of the free spaces 
between the bars. In burning any fuel likely to clinker, 
the spaces are liable to become filled up, and thereby inter- 
fere with the draft. By means of a rocking or oscillating 
grate, the clinkers are prevented from forming, by grind- 
ing or breaking them up as they form. 

The following teat of a boiler set with the Butman 
furnace at the flouring mill of G. W. Cunningham, Tiffin, 
Ohio, is by Isaac V. Holmes, M,E,, who reports as follows: 




This boiler was set with the Butman furnace and started 
first of August, 1876. It has therefore been in constant use 
year. On the third of August, 1876, 1 made an examination and tM 



the 



THB IIOTMAN PL'UNACB. 



\m^, n full Pt-prirl of wbipti was rorwardcd you nl that time. The 
pfeti ai) eTiiporatiun at pressurp of almospliere and tempers- 




HSPof II 33 pouiiiU of ivBt«T per onn pound of Huillon lump 
Tli« otject you liaU in view in making this settond trial, as stated 




t to awertaiii if thc^ Butman furnace would retain its iv.on- 
Mataey >ft«r being «ubjRet«d lo n year's work, and, also. Iiow 



the various portions of the structure had withstood the »r*»r wid 
burning of <! e lauie. 

Ilerew is submitleil a summary of results of the t«»ls mvle w 
the twenlii_,.. instant (August, 1877): 

Driving a four-run prist mill Clifloii mill 

The kind UBed on this trial was Ma,!illori niii 

Continuous firing 7 hoiiri 

OBSERVATUIHS. 

Total amount water weighed to boiler 15,37') Hit. 

Total amount coal weighed to furn»ce 1,233 ll>». 

Total amount ash weighed dry f*T Ihs- 

Total amount combuaiible l,13fi lbs. 

Averuge temperature feed water in tank IW 

Average temperature gases in uptake 340° 

Average teiriporature nir in pipe 132° 

Avuriige temperature air in fire room 97" 

Average pressure steam in boiler 75° 



Coal, per hour 176 lbs. 

f'ombuslible. per hour 162 lbs. 

Water, per hour 2,1% lbs 

Pounds of water evaporated at 75 pounds 
pressure and temperature of 184° per one 
pound of coal 12.47 

I'ounds of water evaporated from pressure of 
atmosphere and temperature of 212° per 
one pound of coal 13.23 

Eftuivalent evaporation from pressure of at- 
mosphere and temperature of 212° per 
one pound of combustible 14.36 

The evaporation of 13.23 pounds of water at pressure of atmos- 
phere and temperature of 212° shows very conclusively that instead of 
losing its efficiency, it gives a higher rate of evaporation than at 6—* 
although this is no doubt due to the familiarity of the fireman 
the furnace. 




Aa regards tlie deteriorntion of the brick nork or other jiortjons 
Ihn structure will say. there was no p«rce|itible wear to any portion of 
it. Mid I should not lliink that even the line of brick at the surface of 
tbe burning fuel would not reijuire renewing for several years to come. 

Tlie boiler WHS 60 inches X 18 feet, with lifty-six 3J- 
inch tnbue; was fitted witli two grates, as sliown in figure 
117. cacli 154 im-hes >< 4 feet. Tlie mud drum was 20 
iucbes X 8 feet. Two things are noticeable in the above 




tent: the niitderatt-lv bigb temperature of tlje feed water 
Mini tbe low tem|>eraT)ire of the escaping gases. This is the 
highest rate of evit[ioration known to the writer, aiul if it 
fffira not for the ability and nniiBnal care with wbicb Mr. 
Holmes condacts bit te^te, tbe results might be discredited. 

TlSe Piemfamnet — The accorapanying engravings show 
an improved dvsigu for boilers' furnaces, by Henry M. 
Pierce. LL-jP^^tf Grand Uapide, Mich, 
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Figare 118 is a vertical longitadinal sectioD, showing 
the boiler in position in the farnace. In this design the 
fire grate is wholly removed from the boiler and arched 
over, as may be more clearly seen in figare 119. 

The radiant heat of the foel 
is not given out in this case so 
as to be absorbed by the boiler 
shell, but by the arch of fire brick 
overhead and along the flue. 
The advantages which such a 
form of construction ofiPers toward 
effecting the complete combustion 
of hydrocarbon gases, when pro- , 
perly supplied with air, are too 
apparent to need any special ex- 
planation. 

The furnace is fired in the 
usual manner, the products pass- 
ing over a bridge wall, at a high 
temperature, into a roomy com- 
bustion chamber of equal if not 
still higher temperature. In this chamber, jets of heated 
air is admitted through the back of the bridge wall, 
through a perforated plate, as shown in figure 120. This 
supply of air in a chamber, at a temperature of over 1,000^ 
Fahrenheit, has the eftect to convert the 
volume of carbonic oxide into carbonic 
acid gas. The chamber being large, af- 
fords ample time for complete combus- 
tion ; the passage of the gases through 
it is slow, because of its large area. The 
combustion being complete, the gases pass underneath the 
boiler, and from thence through the tubes to the chimney. 
A furnace, constructed after Dr. Pierce's designs, was 
on exhibition during the Exposition for the year 1879, at 




FlOURB 119. 




FlGURR 120. 



TIIK PIKRIE FDKNACB. 



; P&., and 
I to the one 
Jscribed, when 
.1 from the wri- 
Uindpoiut. 
;iire 121 is a 
tl cross sec- 
showing the 
furnace and 
istioti chaiu- 

1^ 122 i, a 
the setting, 
%g the grate 
le combustion 

tback and 
fl of the 
The fbel 18 
upon the 
1, as ill the setting first described, in a 
lamber, say 2,500° Fahrenheit. Jete of 




highly 
air are 
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engraving. The walls are hollow, as ebown liy tlie black 
lines in the plan and elevationB, and which serve to heal 
the air before its iidmiasion to tlie combustion chamber. 

This furnace attracted a great deal of attention during 
the exposition. It was tirod with Pittsborg coal, which 
was completely burned, and without the escape of any 
smoke. Suitable openings were made in the cora^^stinu 
chamber, which showed that the visible products were 




destroyed immediately after they left the grate. Figure 
123 shows a vertical longltadlual section, with the arcbfld 
opening between the two combustion chambers. 





FtimpB — Strainers — Removing fntiil from Feed Water — Wator 

Chargers — Steun] Jet — Steam Pumps — Dajflon Cam Pump — The 

Cope & Maiviett Pomp — Dean Brothers' Pump — The Knowles 

~ Auxiliary Pumps — Seller's Injector — Uancook's InepiraUir 

tbutteAOoehring's Injector— Pratt's Automntio Boiler Feeder 

lootrden'H Feed Pipe — Moore's Boiler Feeder. 

Boilers are usually supplied with water by means of a 
pump or injector. Puaipsmay be divided into two classes; 
power pumps, or those driven by a belt, and steam pumps, 
or that class in which there is combined a steam cylinder 
and a pump. So long as the machinery ia in motion, a 
power pump may be operated at a lower cost than a steam 
pamp; the latter, however, may be operated at any time 
when steam is on, and ia, on the whole, to be preferred even 
at its greater first coat and subsequent outlay for oper- 
ating. 

Whatever device may be eelected for feeding boilers, 
it should be arranged in matters of detail so as to permit a i 
constant feed into the boiler which shall exactly equal the J 
evaporatioii; but this should not be the limit to its I 
capacity. I 

In selecting a pump, allow one cubic foot of water I 
per hour for each horse power of the boiler ; the smallest I 
«ze for the pump should be not less than twice that capac- I 
ity when running at ordinary speed, and four times the J 
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capacity miy often be found to be a useful reserve in nu 
of ioaky valves, pipes, etc., which are not only liable W 
occur, Imt at a time when it may not be convenient to tnk« 
the pump apart for repairs. 

When ji power pump ia used, a combined lift and fona 
pumji 19 recom- 
mended ; and, in 
pumping from • 
well. Ibe delivery 
Biiould be into » 
tank of suttieient 
size to anpply t)i« 
boiler for ut leul 
half a day. Tliii 
will, in ail ordinary 
cases, allow ample 
time for any bumII 
repairs that mayb« 
needed to the lifting 
or well pump. The 
force pump mar 
draw the water 
from the tank and 
supply the boJIen 
continaoualy. Tbu 
arrangement of 

F19VBBJH. , , , , 

pumps and tank it 
not always practicable, especially for very lai^e powera. 
but whenever it can it ought to be done. 

The engraving, figure 124. showB u very neat and 
compact single acting lift or well pump, by Chnndltr k 
Taylor, Indianapolis, Inii. It is fitted with lentlivr valve*, 
which are conveniently accessible. The piitt^m is pjicked 
with hemp or jute packing. The counter shaft is filled 
with tight and loose pulleys, and is thus self conUiiuod. 





^^^^^^ POWEB 


[■UMP.S. 339 . 


A boiler feed pump by the 


same firm is shown in figure , 


125. It IB aimilar in design 


to 


the well pump, differing ^^M 


only in the plunger and valves. 


The connecting rod pio ^^^H 


is near the middle oF 




^^H 


til© plunger, and be- 




JWyk '^1 


ing always within the 


i 


Hh^Att^jAK^^^ ^^1 


bearings of the pump 




I^Kvi^^^B^^H^ ^^1 


barrel and gland, the 




1^^a^^lEL^^^& ^1 


plunger needs no 




IfH^^^IBB^I 


other guides. TLe 




Ivfl^^^^^^^^H 


valves are of metal 




1 W^K^^AJ^^m 


and siiitjible for 




1 BK^a^^^^ 


pumping hot water. 




I HfB 1 


These may both be 




■ ll^A ^^^1 


moDiited on the same 




L 1 VK ^^^1 


base and driven by 




i3hI 1h\ ^^I 


the same belt. 




j^h^mBI ^^b 


Pumps should be 




^S^ih ^I 


fitted with strainers 




^hB B^ ^^I 


and foot valves; one 


1 


^^^^^BL ^^1 


aimilar to figure V26 ^^ 


r 


P^^^^^^bg^u ^^1 


will be found quite |^Q 


^ 


!^^^^^^BBB^k ^^\ 


reliable. It is. in- ^^J 


fts 


^^^^^^^^^B^B 


tended to screw on "^ 


y 


^^^HH^^^^^ 


the lower end of the 




lOCHBlW- 


pipe and should be placed near 


he bottom of the well. If 


^-^ 




a driven well is used 


■ ^F^\ .^E 




there is always likely 


^H ^B^flU^ ^^B 




, to be more or less trou- 


^^l^^hbb^' ffi^^E 




L ble with sand in the « 


^^^^^^BUggjM Ij^Sj^B 




W water for some time ^^H 


VHk- ^^ 




after, in which case *^^B 
device similar to ligura ^^H 


^^^H 




127, by W. and B. ^H 


^^U^M^Middletown, Coun., 


may be attached to the feed ^^M 
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1 coilect a large portioti 
end of tiie chamber, from which it may be withdnwn a 
the removal of the 
shown in the engraving. I 

Steam jrts are often n 
for supplying a tank i 
I water either from a welt of ' 
I stream, within a rcaranibl* 

I distance. XveryS '- 

I convenient device r 
I Wflter isehon-n in t_ 
I made by Mooro ii tviiu.s. 
I Indianapolis, Ind. If tb« 
II 13 not deep, it mayba 
placed near or above tltt 
ground, but may be carried 
any distance down the well 
to keep it within the attnos- 
ieric lift of the water. It is bo simple as to need oo 
fecial explanation. The quantity of water delivered it j 
gulated by the steam valve, which 
lay be located at any convenient 
ftlace in the engine or fire room. 

Steam pumps — Notwithstand- 
bg the lower cost at whicli power 
nimps may be operated, it is still, 
I things considered, in the inter- , 
t of true economy to use a steam P 
"pump instead. The requirements b 
of a steam boiler feeder are, 

That it shall have no dead cen- 
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Sin 



'bat the working parta aliall be readily accessible. 

That it will not atop while there is sufficient steam to 

drive it, and if at rest it shall start at any portion of the 

stroke. The water valve chambers must be so constructed 




that hy simply removing a cover the valves may 
Qoickly got at for cleaning or repairs. 
^^^Cbat it shall pump hot or cold water equally well. 

^HEDui/'Dn cam pump — This pump, shown in elevation in 
figare 129, and in section in figure 130, is by Smith, Vaile 
k Co., Dayton, Ohio. 




By reference to the horizontal sectional view, it will be 
seen that itjs a direct and double acting steam piston 
pump, havinga plain elide valve, similar to the ordinary 
D valve of an engine. This valve is moved by two levers, 
A a, on a shaft B, being placed at right angles and fotm.-, 
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ing a bell lever Mntiim is imparted to thesie levers by » 
cam C, bolted to the piston rod anil working with it, a pin 
on the lever A working in a groove of the cam C; al<o. ft 
fixed siipjiort or pocket, S, which holds asliding V shaped 
plunger, P, and a spiral steel spring. The operation of lite 
valve movement is as follovps: The cam, C, near the ter- 
mination of the stroke of the pump piston, brings the V 
shaped or pointed lever, A, in contact with the V shapcil 




plunger, P, forcing it back in the pocket, S, and oomjK 
ing the spiral spring contained iu the pocket. The ^ 
mcnt of the piston continues until the points hftve | 
when the forcible reaction of tlie spiral spring, an^ 
pressure of the inclined faces of the V shaped poinCsi 
to move the lever. A, and, through it and the small leVt 
to throw the steam valve, V, autficieiitly to partially open 
the eteam port for the return stroke. The same operation 
is perfonned on the return stroke at its termiuutioo, only 
the lever. A, is thrown in the opposite direction. The 
arrangement of the water valves is extremely 
pump, being double acting, there arc two suction auik 



9 




discharge valves, all contained in one water box on the side 
of tlie wat«r uylimicr. By reference to tbe sectional view 
of water box. h vicar idea is obtained of the arrangement 
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details of its moving mechanism, it will bo seen thatif 
never muke a short stroke; each stroke muBt beconi{iteted 
beiore the steam valve will open, to cause it to makes 
stroke in the opposite direction. 

Figure 131 U a pump fitted with two cirlindcre, one for 
hot and the other tor cold water. This is a step iu tbe 
right direction, anil can not fail of appreciation. 




The Cope ^ Maxwell pump made at Hamilton, Ohio, i» 
shown in elevation in figure 132, and is, in this ill uatration, 
shown as a combined lift and force pump. Tbe details of 
the valve movement will be understood by reference to the 
following description : 

The steam chest, G, is cast in one piece with the steam 
cylinder head, and has neither bolt, nut, sorew or joint of 
any kind, inside of it or about it, except its cap op cover. 
On removing the cap the entire valve movement can bo 
lifted out, or any part of it removed and niiollior subati* 
tuted, ready for instant operation, without rcqiiirtug 
fitted and without breaking or making a single Joint, 
nection or attachment. There are no ports passing t) 
gasket joints; no long crooked or smull porta ur 



got Hiopped up witli dirt: no pockets to retajii water and i 
incur risk of damage from frost, and no point about it J 
requiring adjustniont. j 

Tho main steam vaWe, A, is a flat slide valve) and ie 1 
cast iu one piece with the auxiliary piatona, B B, and tho I 
seat, C, of the auxiliary eteam valve, E, as shown in 
engraving. It is moved continuously through the first 
half of its travels by the power of the main piston, and 
through the last half by the power of the auxiliary pistons, I 
B B. I 

Tho auxiliary steam valve, B, is also a fiat slide vaWe, 
and moved continuously by the power of the main piston. 

The auxiliary steam cylinders, H II', are composed of I 
two plain hoods or caps, each locking in to a central con- 
necting piece, D, which holds tliem in position. They are 
put together or taken apart without the use of tools. It 
aimply rerinires to be set down iu its place in the steam 
chest, without further attention, to keep it in place. Being 
located in the steam cheat, it is constantly surrounded by 
live etoam, securing the best possible steam jacket without 
special provision. 

The valve moving shaft, F, is a plain shaft extending 
through the back wall of the steam chest, connected on 
tho outside to the main piston rod by means of lever and 
connecting rod, and terminating on the inside in a collar 
provided with tivo lugs, the lower one locking into the cen- 
tral or connecting piece of the auxiliary steam cylinders, 
H H', so they shall move together, and the upper, locking i 
into a reces.i in the back of auxiliary steam valve so as to 

Hthe desired motion to it. | 

juration — The reciprocating motion of the main piston | 
Bonicates a rocking motion to the valve moving shaft, . 
..-, nhich, by means of its connection with the auxiliary 
■team cylinder, moves it back and forth. The main steam J 



ralve. A, beiti^ cast in one piece with the pistona of tfae 
BQxUiary cylioder, is moved with the cylinder, and it is bo 
arranged that the main pietnii in making its full stroke 
causes the main steam valve. A, to move from its end to its 
mid position, cutting off both steam supply and exhaust 
in time to arrest the motion of the piston at the desired 
point, thus giving almost absolute uniformity to the length 
of strokes and furnishing it a very superior cushion. 




l^^^Eg/ 





Jaflt before the main steam valve reaches its mid posi- 
tion, the auxiliary steam valve, E, moved by means of ita 
connection with the valve moving shaft, F. reaches the 
proper position for jjiving steam to the auxiliary cylinder 
and motion to its piston. The main steam valve being one 
piece with this piston is thus carried from its mid position 
to the end of it* travel, reversing the steam and its exhaust 
porte and the motion of the main piston. 

Figure 133 shows the pnmp, as arranged for deep well 
pnniping. The lower or lifting pump may be at any depth 
below the _8arface of the ground. The connection between 
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the lofrer chamber and the base of the pnmp is ordinarj 
iron pipe, the Un>ii)g rod passing np through the center, tt 
shown. 

Dean Brothers' pump — This pump is shown in elevatios 
in figure 134, in which a vertical longitudinal section of the 
water cylinder is also shown, with the valves in place. 
Figure 135 is a plan of thepamp^showiDg the steam valve 
and ports, and the opening at the side of the water cylinder 
for the water sopply. 




It IB a simple slide valve engine, combined, in a novel 
and compact manner, with the best form of a double act- 
ing pump. Care has been taken that the parts can be 
readily examined or removed, and all parts subject to wear 
have means of adjustment. It has but one steam valve- 
This is a flat elide valve, which embodies the most favorable 
conditions for tightness even after the wear cooaeqaent 
upon a long use. It is provided with a fly wheel, whidi 
causes it to run without concussion or jar, turns thecenten 
softly and allows the water valves to seat quietly. Th* 
stroke ia always the same. This wears the cylinders pei^ 
fectly true, and discharges the full amount of water against 
the heaviest pressure. 

The Knowtes pump — This pump is shown in vertical 
longitudinal section in figure 136. Mr. L. J. Knowlei, 
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Warren, Mass., was probably the first to introdace the direct 
acting, positive motion steam pump in this country. Thi» 
pump has had a very large sale, and has proven a great 
The Eteam valve is a common flat elide val't 
actuated by means of the valve driving pUton, both of 
which are shown in detail in 
the engraving. The sttftm 
\a\\e of the pu.mp betii);» 
ordinary flat glide valve,di>es 
not have a rotary motiou.bot 
■; simply a horizontal motion, 
the same as any slide v^vt 
\ fiat, valve embodies I'be 
most favorable conditioiiBfor 
securing lightness in the pnv 
cese of manufacture and re- 
taining it in constant ecrvii'e. 
1 he slight rotary motion im- 
] ittfd to thu valve driving 
p-tm, hy the rocker ami, 
^]m\ ly puts it in a potitlinr, 
to be driven horizontally bv 
the Btetiui, in which motion 
it earries the slide valve with it, both being dirccUy 
neeted together. 

The driving piston is entirely iiidepeudcat 
exhaust steam for cushioning, thereby working wil 
same certainty and exactness when exluiustiugiuto vacuum 
(working condensing) as when exhausting into the 
phere. It will always start at any point of the stroke, 
recent improvements applied to the pump insure ondrt 
freedom from jar or pounding under varying conditiooai 
pressure. 

AiiXilimy pumps — In every large manufactory, orl 
case where the qiianiity of water reqnired ia too j 




motion 
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have storage in suitable tanks, there should be an independ- 
ent source of water supply for use at such times as the 
steam may not be on the main boilers. This will be found 
useful in washing out the main boilers during the process 
of cleaning. It may also serve a useful purpose as a fire 
engine, by starting a fire in the boilers about quitting time 
and place it in the care of the watchman during the night, 
and thus be ready for service at any moment. Figure 138 
shows such a boiler and pump as made by the Knowles 
Steam Pump Works. 

Should there be a difficulty in starting the pump on 
account of any defect in the suction pipe, a ** charger," as 
shown in figure 137, may be employed. This should be of 
sufficient size to charge the water cylinder and fill the ports 
at least twice, after which there will be no trouble. 

Injectors — This very ingenious and useful device for sup- 
plying boilers with water was invented by M. OifiTard, of 
France. It was an innovation on old methods, and at- 
tracted the attention of engineers everywhere. Among 
the first to appreciate the value of this invention was the 
firm of William Sellers & Co., Philadelphia, Pa., who in- 
vestigated its action, satisfied themselves as to its entire 
practicability, and at once received the right to manu- 
facture. It was a fortunate circumstance, indeed, that 
this instrument, almost unknown and wholly untried in 
this country, had as its sponsor a firm whose reputation 
was already well established and who not only gave it 
their fullest endorsement, but labored diligently to improve 
it. The earlier instruments were in many respects faulty 
in their practical workings, but by successive changes and 
improvements, added year by year, the old injector has 
almost entirely lost its identity in the new. The principle, 
however, remains the same. 
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The Seller's injector is sliowti in elevation in figii* 189, 
Milt represents the Intest improved form. It is known as the 
"Sel/'Adjustinff 1876 Injector," and will be beat explained 
by reference to figure 140, which is a Bectional view of the 




t iustrunient. It will be observed that it is self con- 
; that i», there is contained within the instrnment i 

t the necessary atenm and check valves required in its J 

lary service. 

"he injector is operated by a single movement of the 
lever H, and its uctioii may he traced throngh tlie instru- 
meat as ftillowB : The eteam, water, and boiler connections 
are indicated in the sectional view, and need no further 
description. By the movement of the lever H, the cross- 
head I slides on the guide-rod J, and thus communicatea 
motion to the rod B, which passes through the stuffing box 
into the interior. A valve W, ia secured to the rod B, and 




engraviug, there will be eeea a hollow spindle beginning 
at W iiiid terminating at C. Tliia spindle passes tlin^ugb 
the valve X, and may be moved independently of it for • 
Bhort distance, but by a further movement of the lever Hi 
the valve X is raiiied from its seat by means of n stop 
attached to the hollow spindle, formed by an enUrgerotnt 
of the spindle a short distance ba.ck of the valve X. Tboi 
the first movement of the lever is to admit steam to itie 
I center of the spindle, by the unseating of the raive^N'ttli'l 
without disturbing the valve X. It will be understood that 
what has just bees described belongs to the sloam Bidft of 
the injector. 
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Tbe water enters, as indicated by the arrow, into tlie 
chamber surrounded by the cylinder marked M M. Inside 
of this cylinder is a piston N N, which terminates in 
a gradually contracting nozzle at a point just beyond 
C O. This piston ia fitted to slide in the cyliudor M M. 
By a slight movement of the handle H, a jet of steam will 
isBoe from the central hole in the spindle and a partial 
vacuum will be formed in NN; the water will be drawn 
into this tube, and forced through the delivery tube B. 
When sufficient water has passed through the iustrument 
to flow "solid" out of tlie waate-orifiee P, then the lever 
H may be drawn out to its full extent. By this single 
inovemeut, the valve R is closed by means of tlie rod L, 

I and the valve X opened, which will result in a continuous 
flow of water past the check valve into the boiler. 
The rod L, showu in connection with the valve R and 
the lever H, is fitted with two stops, shown at T and Q. 
When the lever is thrown forward, as shown iu theengrav- 
ing, the valve K is raised from its seat by the screw shown 
at its lower extremity. "When the lever is pulled back, so 
as to fully open the valve X, the valve R will be closed by 
the action of the stop T on the rod L. The lever IL may 
DOW be moved at any point between the stops T and Q 
without affecting the waste valve; and by the movement 
of this lever the amount of water to be delivered is regu- 
lated. 

The guide rod J is fitted with a number of teeth, ae 
shown. A small click shown at V is hinged to the lever H, 
and is free to drop into the notches between the teeth in J. 
When theproper adjustment has been made by the lever 
H, for the water delivery, the click engages the space below 
aud the injector will continue to deliver a quantity of water 
corresponding to the area of opening and jn-essurc of steam. 
The steam supply must be adjusted by the operator; 
I water supply is self regulating. If too much water ii 
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delivered, some of it will escape throagh O into C, and, 
pressing on the piston N N, will move the combining tube 
away from the delivery tube, thus throttling the water 
supply; and if sufficient water is not admitted, a partial 
vacuum will be formed in C, and the unbalanced pressure 
on the upper side of the piston N N will move the com- 
bining tube toward the delivery tube, thus enlarging the 
orifice for the admission of water. From this it is evident 
that the injector, once started, will continue to work with- 
out further adjustment, delivering all its water to the 
boiler, the waste valve being kept shut. By placing the 
hand on the starting lever it is easy to tell whether or not the 
injector is working; and if desired, the waste- valve can 
be opened momentarily by pushing the rod L, a knob on 
the end being provided for the purpose. 

These injectors are made in several sizes and numbered 
2, 3, 4, etc. These are not arbitrary numbers but repre- 
sent the diameter of the smallest part of the delivery-tube 
expressed in millimeters. Thus a No. 5 injector means 
thiittho tube throutrji which the water is driven in passing 
throui^h the deliverv tube, is five millimeters in (lianiett*r. 
A No. S injector has a tube eight millimeters in tliaineter; 
and so for each of the sizes. 

The tion-ddJt/staUe injector with fixed nozzle^ nou-liftinff, is 
shown in elevation in ligure 141, and in section in figure 
142. The latter ligure, it will be observed, is reversed in 
the euijrravinir, but will be none the less easilv understood. 

This injector dilfers from the one already described in 
being non-adjustable, and having no valve attached to it. 
The interior arrangement will be comprehended at a glance, 
alter reading the description of the self adjusting instru- 
ment. This injector is best suited to localities where it may 
be operated under practically constant conditions — that is, 
where the steam pressure is nearly constant at all times. 
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It will be observed that it baa neither steam nor 
cheL-k vulves: Llioae may be aupjilied by tboordinary steam 
littingfl. Unlike th* 
former injector, it w 
iiecessary to have a 
valve in the water 
pipe in order to n^ 
niate the supply, W 
canac the flow of 
water into this in- 
jo«ior must bit reg'i- 
luted with reference 
to the ^tuarn Bnpply 
un account of the 
nozzlea being fixed, 
•*""*"""• and in conseqoonce, 

not seU aiijusrins;. If nnt supplied with tbw projier 
amount of waler for the steam pressure under which it U 
working, it will teak at the waste valve when the water 
supply in too great. 
To operate this 
iryector, it is nec-es- 
eary to open the 
water supply valve 
first, the waste valve 
being open mean- 
while, and when the 
water flows from the 
waste valve, partial- 
ly open the steam 
valve until the jet 
is established, then 
quickly open it to 
its full extent. As 



be easily c 



ickly 
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the purpose. The waste valve may be closed or not, but 
if the steam pressure is not constant it is best to leave it 
open. 

This is not a lifting iii,jeetor, and in consequence the 

water must be supplied to it so that it shall flow into the 

instrument, or be fed to it at any pressure, as for city mains. 

A modification of this instrument, with a lifting attachment, 

^faown in fignre 143. 




The non-adjustable injector, with fixed nozzles, in connection 
with a lifting attachment, is sliown in elevation in figure 143. 
Tbia ia a much more complete instrument than the one 
described in the preceding section, and in some respects ia 
to be preferred to it. By referring to figure, 144 which 
shows the interior of this injector, there will be seen 
attached to the under side another and independent series 
of passugea, arranged with a suitable nozzle to act as a 
steam jet or siphon. 

By this arrangement water may be drawn from a lower 
Isrelap and into the water chamber and through the 
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ctHnbiniDg tubereftdy fbrtheaetion-of themMiijttoffti { 
injeotor by thft opening of the lovur vklva. Wlun the jtt ' 
is eBtabluhed the lower valve most be dosAd. 

Tbii'.ii^eotor, anlike the former, hai * itMon ▼■!««. ud 
oheck valve contained witbin it. In ommeeting thn iigee- 
tor it mart be provided with a water aapply -Tmi««,'fiir Hm 
reMon that the nozsles are uou-a^josting. 




Selection of an injeclor — Of the three instrumente 
described the writer recommends the first as beiug best 
adapted for ordinary Hcrvice. 

To determine the size of injector needed for any par- 
ticular case, a knowledge of the number of cubic feet 
of water required per hour will enable an injector to be 
selected, by referring to the table of capacities as given on 
page 357. The makers of this injector recommend that 
the one selected shall in iio case be larger than is needed 
for the actual maximum requirement of the boiler. If too 
large an instrument he selected, the minimum deliver; of 
water may be too great for the wants of the boiler, reqnir- 



TUB HANCOCK INSPtAATOK. 

iitg frequent stoppage to prevent flooding, which, apart 
fmrn tliG trouble involved, is uot so ecotiomical as a cob- I 
•tant aud regular feed equal to the drain on the boiler. For | 
I atatiaaary boilon*, where the work \» nearly constant, the 
-ielecting of an injector i» not attended with any special I 
diffioalty. Knowing the horse power required of the boiler, J 
allow one cubic foot of water per 
hour per horse power for ordin- 
ary slide valve engines, and one 
half a cubic foot for the best au- 
tomatic cut off engines, and the 
mutter of selection by the aid of 
table on page 367, becomes 
ngly simple. ' 
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Hiincoclt inspirator — This 
Rstrament is the invention of 
John T. Uancock. Suffolk, Mass.. 
and ditiera from an injector in 
being u double instruuieut, one- 
balf of whicli is a lifting and the 
other half a forcing apparatus; the 

water from & well or tank and delivering it to the forcer, J 
which tlien delivers it to the boiler, and at any t 
pressure, without adjustment. 

Two forms of inspirators are made: the one illaa-j 
trated iti figitru 145 is a sectional viow of the kind recoin-l 
ntonded for utationary lioilers. The steam connection with 
the boiler i.s niudc at the end so markeil in the engraving, 
ftnd its course through \\iv instrunieat is shown in the 
direction of the arrows. That side of the instrument at A | 
i* known as the lifting aide, the other, B,C,D. as theforc- 
Uigsido. It will be observed that the steam currentis divided! 
~""l1l)a upper cham bur; a portion of the steam passing down I 
~. the vertical nozzle operates the steam lifting noz-4 
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zle at A, the water ascending around and passin/s^ down 
through the lower tube as shown, into a chamber, where 
it is delivered as also shown by the direction of the arrows 
into the nozzle opposite D, on the forcing side of the instru* 
ment. By raising the valve at B, steam is admitted through 
the nozzle at C, which acts as a forcing jet, compelling a 
flow of water through the force nozzle, D, and from thence 
to the boiler. 

A valve is provided at E which determines the course 
the water is to take when delivered into the water chamber 
by the action of the lifting jet. This is to be opened when 
starting the instrument, and closed as soon as the action of 
the jet is established. 

To regulate the delivery to the boiler it is only neces- 
sary to partially close the valve in the pipe leading from 
the inspirator to the well, and by also adjusting the steam 
valve by the handle at B. The usual steam, water and 
check valves are to be supplied. 

The essential conditions to the successful operating of 
the ins[)init()r, are, 

1. A tiglit suction ; tlie inspirator raises the water 
by causing a vacuum ; of course, this can not be obtained 
without having the suction pipe and connections absolutely 
air tight. 

2. Do not connect with other steam pipes, but take 
the steiun direct by tapping the boiler; because, where 
steam pi[)e8 are already connected with the boiler, it is 
for some purpose, and they are not likely to be of suf- 
cient capacity to supply the inspirator, and do the work 
for which they were originally designed. Again, the 
connection may be at a considerable distance from the 
boiler, so that the steam in the pipe is much reduced 
in pressure, and not so effective for the purpose as 
dry steam. Do not connect with a steam pipe, however 
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'ge, that Buppliea the engino, if it c&ii possibly be 
Dide(l,as the pressure will be so irrcgularandintermit- 
%t as to seriously interfere with the successful working 
the inspirator. Tap the boiler where it will furnish the 
yest eteam, and if compelled to connect with a large 
Mtnt pipe, tap it on the nppcr side, so as to avoid the 
ip caused by condensatioti in the lar^e pipe, or the steam 
pe will be little else than a drain to draw oft' the con- 
msation in the large pipe. 

Do not attempt to take water at a higher temperature 
tOk 120° Fahrenheit for a low lift, or higher than 
<P Fahrenheit for a high lift. For a lift of 6 feet, 
"OatlO pounds steam pressure is required ; for 10 feet lift 
■out lb pounds steam ; for 15 feet, 20 pounds ; for 20 feet, 
' pounds; for 25 feet, 35 pounds. 

The following are the sizes and capacities of inspirators 
Fered to the trade : 
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TABLE LXXXX. 

SIZK OF CONNECTION'S FOR THE HAKCOTK INSPIRATOR. 




■ 3 consumption of fuel is known, the poumi! 

Limed per hour will be tlie gallons evaporated 

Then the grate aurfaoe is known, and ihe 

•al, multiply the grate surface in squan; feet 

la ^ en the draft ia forced, add 50 per cent for the 

ivaporated per hour. 

u. special form of inspirator is made for locomotive lue, 

a shown in elevation in figure 146, and in section in 

re 147. 





The principle of action is the same for both designs; 
the locomotive inspirator has BUch an arrangement of 
parts and operated by suitable connections that, the start- 
ing, stopping or the regulating of the instrument while 
working, is controlled by the action of a single lever. 
It also contains the necessary steam, check and overflow 
valves. A slight movement of the starting lever admits 
steam to the lifting jet. When water issues from the over 
flow, a further movement of the starting lever closes ods 
of the valves, thus turning the supply water through tb 
force nozzle, admits steam to the forcing jet and closes 
waste valve, thus starting the instrumeiit. 




Schulle ^ Goehring's universal injector — Thia inatruraent \ 
is sbown iit eectional elevation in fignre 14>i, 

As will be observed, the instmnient is a combination'of 
two steam jet apparatus; tbe tirst oue is proportioned for 
lifting and delivering tbe water under some pressure into- 
the second one wliere its velocity is sufficiently aiigmeuted 
to OTcrcome tbe counter pressure of the boiler. The 





explanation of the proper working of the injector, at the 
lowest as well as the highest ateara pressures, without any 
a^iutment of parts, is formed in the fact that the quantity 
of the water taken in by the first apparatus and delivered 
to the second one is directly in proportion to the pressure 
f tiK Bteam, so that the first one acts as a governor for the 
lOd one. 

lo\i combination of the two apparatus, and its self 
Irning qualities without moving parts, makes the 
■atos the least sensitive, a great desideratum on loco- 
_.. '**. 

The limits of ndniissible temperature are, feed water 
Aatf Fahrenheit delivered into the boiler, with 150 pound* , 
s at 260° Johreoheit. 
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The injector may be fixed horizontal or vertical. There 
should be a steam stop valve and a main check valve on 
boiler. If water flows to the injector it is necessary to 
have a stop valve in the water pipe; it is also recommended 
in all cases to have such a valve for regulating the capacity 
of the injector. 

If the injector has to draw the water, open the handle 
A, half way, or until the water is discharged through the 
starting cock, then open full. This stop need be of so short 
duration that a continuous moderately slow movement will 
accomplish the required result, so that the instructions for 
manipulation would read : To start, open with handle A. 
To stop, shut with handle A. 



SIZE, 
NO. 



2 

3 
4 
5 
6 
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10 

12 



TABLE LXXXXI. 

CAPACITIES OF SCHUTTE & GOEHRING'S INJECTOR. 



SIZE OF 
CON- 
NEC- 
TION. 



PRESSURE OF STEAM, IN POUXDS. 



i 

1 

U 
U 

n 
li 

2 
o 

2i 



15 30 



45 


60 


80 


100 


120 


140 



160 



ICUUIC FEET OF WATER PER HOUR, OR HORSE POWER OF BOILOL 



1 

i 8 


9 


18 


20 


35 


40 


52 


58 


80 


90 


104 


122 


140 


160 


175 


200 


220 


250 


310 


360 



10 
22 

45 

66 

100 

140 

180 

280 
410 



11 


12 


14 


15 


24 


28 


31 


34 


50 


55 


60 


65 


73 


80 


87 


94 


110 


120 


130 


140 


158 


176 


194 


212 


200 


220 


240 


260 


250 


275 


300 


325 


310 


340 


370 


400 


460 


510 


560 


610 



16 

37 

70 

103 

150 

230 

280 

350 

430 

660 



18 
41 
75 
110 
160 
248 
3O0 
375 
460 
710 
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A combined ftxd water healer iind boiler feeder, as manu-J 
factureil by Iho Steam Boiler Appliance Company, Ilart-I 
ford, Conn., is shown in figure 149, in general elevation,!" 
witlj the Several attachments, all made to illustrate its modal 
r Operation. 




A 18 the hotly of the heater and feeder, inside of which I 
is a tight, hollow cast iron sphere, suspended ou one end of I 
ft lever, the other end of which is fiist to a spindle, run- 
ning through a stiithng box to the outside, and carrying 
on its outer end lever B, vf ith the weight which counter- 
poises half or more of the weight of the sphere inside the 
heater. C ib a rocking lever, carrying a grooved weight, 
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which rolls to either end of lever aitemalely «• fht 
heater is filled and emptied, the rolling weight movuig tk 
the same point every time, tripping the stoam valve D opes 
and shut. E is a connecting rod between valve D end 
rocking lever C. F is the feed pipe to boiler* H is a stem 
pipe from the boiler to valve D ; this pipe most come direct 
from steam space of boilers. J is an air or vent cock. K 
is a check valve on air pipe, opening ontward. L are check 
valves on exhanst, water inlet and outlet pipes. 

In the cat the steam valve D is dosed, and the water 
entering the heater canses a partial vacnnm, so that all the 
exhaust eteam that the water will absorb is drawn into it, 
heating the water to the highest temperature attainable 
by use of exhaust steam without back pressure on the 
engine. As the heater fills with water, the iron sphere or 
bucket inside is raised by it, and lever B goes down until 
it has elevated the inner end of rocking lever C sufficiently 
to cause the grooved weight to roll to the outer end, open- 
ing the eteam valve D and allowing the boiler pressure to 
be thrown iustantly on top of the water in the heater, and 
seating the check valves on water and exhaust pipes so 
that steam from the boiler can not pass into them; the 
water is now quickly discharged into the boilers by its own 
gravity, and as the water runs out of heater lever B goes 
up until the grooved weight rolls inward and closes the 
steam valve. 

The cold water enters the heater in different wave, 
according to the amount of its pressure. Where it is 
heavy a positive valve is put on for it to run through ;• there- 
fore it is necessary to know the amount of pressure in boil- 
ers, the amount of cold water pressure, size of engine 
(H. P.), size of exhaust pipe from engine, what portion of 
the steam made in boilers is used by the engine, size of 
feed pipes to boilers, and elevation the heater can be set 
above the boilers. As the capacity of the heater and feeder 
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depends very much upon the circiimstjiiiceB umlep which 
It is ased, it is neceesary to liave all these particulara in 
onlcr to ftdupt the appariitus to the work to be lioiic. 

By means of suitable connectious this same aiipwrataa 
may be used as ao automatic boiUr feeder and return steam m 



hich^H 
ra in ^^^B 




Imp. and may be used for supplying boilers with water ' 
from all sources where there is pressure enough to lift it 
above tbe boiler, such as hydrants or tanks, and also con- 
detuution from steam heating or drying pipes, drying 
cylinders, boiling pane, main steam pipes to engines, or 
wherever condensation occurs under pressure, whethee J 
»bovft or below the boilers. 
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The apparatus with the conneotiom is shown in elefi^ 
tion in figure 150.. Similar letters of reference in tbii 
engraving refer to similar parts as described in figure 149* 

The small valve shown on the trap, connected to steam 
valve Dy is used where the water pressure is sufllcicnt to 
run into the boiler against the pressure in it, if returning 
from high pressure circulatiou8,etc., or if returning from 
low pressure dryers, slashers, etc., if the water pressure is 
above that used in them. The water going through this 
valve can come through a heater where an engine is used. 
The feeders should be set from two to six feet above the 
water Hue of boilers ; the higher, the quicker the dischaq^^ 

Admission of feed water into the boilrr — ^The usual prao- 
tice is to supply boilers with the feed as &r from the fur- 
nace as possible, and near the bottom of the boiler. It 
may be questioned whether this is the best thing to dok^ 
If the water entered the boiler at or near the boiling poi 
it would make but little difierence where the feed pi 
made its connection, so long as the delivery was at a dis* 
tance of several inches from the bottom of the shell, if it 
is an externally fired boiler. 

As to the amount of injury done a boiler, a great deal 
will depend as to whether the feed water impinges against 
highly heated plates, and whether a good circulation is 
had in the boiler. The tendency of the cold water entering 
at the back of the boiler is to descend and traverse along 
the bottom of the shell toward the front end, that being 
the direction of the circulation of water. During this 
time there is a diffusion of heat, in which the feed is con- 
stantly receiving increments of heat from the surrounding 
and intermingled particles already more highly heated, 
and which are moving in the same direction. Just what 
distance the feed has to traverse in this current before it 
becomes harmless when it comes in contact with thi 




plates, the writer does not know, nnd he is not awara of] 
ftny experimental data relating to it. 

Boilera commence leaking water by the rivet holea 
becoming elongiited by the strain produced by contraction, 
and they oi\%n break out and nre required to be replaced 
by now sheets. This is not only troublesome to engineers, 
»ad expensive to owners, but it is a sonrt-eof great danger 
(IS no doubt many disaatrone explosions liaveoccu 




It thi» cause. Figure 151 is a ropresentation of a device 
boding boilers, by Thomas Snowden, Pittebnrg, Pa. 
Fba lilttore of the improvement consists in locating a 
I water pipe within tiie boiler, having one end of the 
leoiQtnuiiieiiting with thefeeitpump, by being attached 
b uhitck valve, C. The pipe is then carried through 
EftliBli of the boiler and cimiieeted with a horizontal 

1^ running along the boiler above the water line, to near 

tiia opposite end, after wliich it returns to the end at which i 
it entered, and turning down to tlic stand pipe, dis- 
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(•harges into the water space of the same, iiu- -m-s 
valve may he if neeesaary, placed below, the supply pipe 
entering the boiler through the stand pipe and ntnnio; 
up to thit liorizoutal pipe. By thia means the feed 
water is hwited within tlio boiler, in its passage ihrooji 
the pipe, before it emptic's into the water Ppnce; thw 
the deBtniefivf .■onseqnences wljuii re^iilr. from iiitrodnc- 



ing water of a Inwer temperature rhati the boiler plnteu 
prevented. 

Moore's lioiler fenler ami cleaner ia repre«jiite»l in figure 
1&2. and is the invention of Mr. George W. Mrwire, PilU- 
bur^, Fii. Tile object of introduoing the feed into tilt 
stetim room of the boiler ia to impart to tbe 
a high temperalnre before it comes in contact w^ 
boiler platei^. 



^^ 






hoore's boiler feeder. ST3 

The water is admitted through the shell of the boiler 
and discharges upwards through the check valve, as ahowD 
The feed water, falling on the surface of the water in the 
boiler, mingles with it, and it is claimed with less injury to 
the shell than by any other metliod. It is equally applica- 
ble for hot or cold water and will work with any device 
used for forcing water into the boiler. It is claimed that 
the iirst efiect of this heater is to detach or loosen the old 
scale in the boiler, and it has been found necessary to wash 
out and examine the boiler after applying the heater. 

The boiler should not be run more than three weeks 
without washing out, and as the boiler becomes cleaner, 
the running time may be extended to one month, and 
when the boiler becomeB clean and free from scale, all 
that will be necessary to keep it clean will be to blow 
oat at the mad valve two or three times a day. By 
the observance of this rule, there will be no danger of 
burning a boiler, which would be the result if the loose 
scale was not removed. 




HEATERS AND ECONOMIZERS. 

finiii by Ibe usb uf Henters— Coil Hen ters—Slill well's Limp Exlrnclor 
mill Heater — Green's tletttflr— Victor Hetttpr— Keiup'^ Boiler 
Cleaner — Stead's '■ Circulating Oeuerfttor "— Economi/ers — Eili- 
cock & Wilcox EconODiixera — JuUns' Asbestos Covering — <.'li«tD- 
fcers-Spence Covering. 

The advaiitagea to be gained by heating feed water lo 
as high a temperature aa possible before allowing it to enter 
the boiler, ia so apparent that it nevd not be eiilar^td upon. 

This gain, however, should be entirely that of pecliiim- 
ing from the waste gases from the furnace or from llis 
exhaust steam, heat which would otherwise be lost, 

III order to illusInUe this eaviiig, iet us Biippose a 
boiler to be carrying steiim at 60 pound pressure per 
square inch, as indicated by the gauge, the temperature of 
the feed water being at 60° Fahrenheit. 

By referring to table LIX, on page 205, we find the 
total heat required to generate one pound of steam at 60 
pounds pressure from water at 32** Fahrenheit to be 1175.3 
heat units. TIii3 represents the quantity of heat abstracted 
from the furnace to generate one pound of steam at 60 
pounds pressure, the feed being 82° Fahrenheit ; if, how- 
ever, the feed be 60°, as already suggested, then each 
pound of steam would abstract from the furnace 1147J 
heat units. If the temperature were 200°, then 200— 
33=168°, which, subtracted from 1175.2 = 1007.2 hei 
anits, and in this manner for other temperaturea. 
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TABLE LXXSXII. 

^4VBCENTAQE OF SAVING OF FCEI, BY HEATISO FEED WATER." 
ISlHn Hi Stii^ roitadi). 
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X^'d hfater.1 — The commonest form of a feed wiitcr heater 
U a lurge l^tpc, n.'iiially of cast iron, eontaining a number 
of snitillvr wroiivhl Iron pipes, which Iruvurae the lungtb 
of (Jie interior eevenil times, the feed wtilerpnHHin;; throu^^h 
tile iiisiUu of the Hniiiller pipo»,und the exhaust stcnmfrom 
tlie isniniie tilling tlie largi-r shell. In thitt manner a nnn- 
uJerublc Having is ettueteO ; the nniunnt may he dotor* 
mined by tlie nee of llmubove liilile. Ah no furtlier me is 
nuniilty made of the exhaiiiit sliam nfli.>r leaving th« ! 
Bit^ine, any heat which may hu iibntraetcd by tlio fuod water I 

tliis way \a nearly all dunrguiii. 

"br DatKWk A Wllml, M.Y. 
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StiUweU's lime extracting heater and fitter eomba 
I manufactured by the StiUwell & Bierce Manufad 
Company, I>»/le 
IB ebnwn 

clevntioii in 6gan Mi. m 
Tiic il«tuil:4 of iU 
striu^tion will be eiuilf ! 
11 ndurst ood by reference 
to the following l< 
I'Oiitiiipied in 
jrmving, tii« 
fuiLclions of I 
referred to being M 
given buliiw : 

A — Steatn eaten tlie 
beater, and ia divided 
into two carreuta. B 
— Sicani escapes from 
the heater. — Cold 
watereiiters. F — Cock 
with which to regalate 
siiI>|)U- of cold water. 
11 — Door of heator. J 
— Hot water leavn 
heater. L — Uloaa water 
traiige. a — Overflow 
eup BQspendef] on titc 
end of cold water pijM. 
b b b b — Kemovable 
Bhelvefl or depoftitinic 
Fiuuiit iM. snrfacea, c — Filteriojr 

chamber to be tiHed with any snitable filtering mul«rial- 
The feathered arrows indicate the coarse of the Kteuin. 
and the plain arrows the coarse of the water. 
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Its operation is as follows : Connection is made at A 
with the escape pipe from the engine, where the steam is 
divided and enters the heater at two ports, one just above 
the upper shelf, the other opposite the lower shelf. The 
outlet pipe, B, for the escape from the heater of the uncon- 
densed steam, is of the same size as the inlet pipe A. The 
escape steam from the heater may be carried to any desired 
point and applied to any further use, such as heating 
rooms, steaming lumber, etc. (These steam passages are 
of such ample size that it is impossible that the heater 
shoald create any back pressure upon the engine, but, on 
the contrary, the partial condensation of the escape steam 
tends to relieve an engine of back pressure). The cold 
water is brought from a tank by pipe C into the top of the 
.heater, the supply being regulated by a suitable stop cock. 
Upon the end of this cold water pipe on the inside of the 
heater, and located just above and in front of the upper 
steam port, there is fastened a wedge shaped cup, called the 
overflow box. The water fills this cup and flows over its 
edges in a widely distended thin sheet, falling down through 
the incoming current of steam onto the upper shelf. The 
steam passing thus through a thin sheet of water, dashes 
it into fine spray, acting upon each separate particle, and 
imparts to the water suflicient heat to raise it to the boil- 
ing point, which sets free and precipitates the lime or other 
salts held in solution. The water now traverses a large 
area of heating and depositing surfaces, arranged in the 
form of removable shelves, having alternate openings. As 
the thin sheet of water passes over these shelves, all of 
which are very hot, and descends from shelf to shelf, it is 
met in its downward course and constantly acted upon bj' 
the ascending current of steam which enters the heater at 
the lower port. The action of this lower current of steam 
completes the separation and precipitation of the foreign 
particles which is begun when the water enters the heater. 
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It will be observed that the • conBiTaction of the heater » 
such that not a drop of water ean pass down throngh it 
without being thoroughly boiled. The time, magnesiairal* 
phur, 4 ron, silica, etc., which this process of boiling lels. 
free from the water, are deposited in a crystaJliaed stats 
upon the entire series of shelves, the deposit always bmiig 
heaviest upon the upper shelf and diminishing in quantity 
as it approaches the lower shelf. From the lower shelf the 
water, which has now parted with all that portion of its 
Impurities which will crystallize, passes down behind the 
back of the filtering chamber into the mud well in the bot- 
tom of the heater, where the mud, sand, and uncrystallized 
particles of lime, etc., are deposited, and from whence they 
may be drawn off, through an opening for that purpose in 
the bottom of the heater, as often as may be necessary* 
The purification of the water is now completed by its pas* 
sage from the mud well upward through the false bottom 
and the filtering chamber to its final exit from the heater 
at J. The filtering chamber is tightly packed with hay, 
straw, or other suitable filtering material, which effectually 
retains all the light floatiug particles not previously 
arrested. By the process thus described, water that is 
heavily impregnated with lime, magnesia, sulphur, iron, 
silica, clay, mud, sand, etc., is robbed of much these scale 
producing substances, and supplied to the boiler nearly 
boiling hot and almost pure. 

This system of filtering the water is one which effec- 
tually removes mud, sand and all other impurities which 
will not crystallize and adhere to the shelves. As will be 
seen by referring to the sectional engraving, the water, 
after making the circuit of the shelves, passes behind the 
water shed directly to the bottom of the heater, thence up 
througli the perforated plate, upon which the filtering 
material rests, and on up through the filtering ni^t^rial to 
the discharge pipe J. The great superiority of aii upwaid 
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filter over u downward or side filter, all who have had any^ 
exporioucti in thU direction will readily admit. All the 
particles of nnid and sand, instead of being dragged hy the 
CQrrciit of water through the tilter, as in downward or 
tide tiltera, settle readily to the bottom of the heater, from 
whence they are drawn ofl' or blown ont throngh a waste 
pipe for that porpose. In some cases, when the water used 
ia exceedingly muddy, llie nisikers attjich to the bottom of 
the heater It mud well and outside upward til ters, with which 
arrangement they almost perfectly purify Missouri river 
water, which ia well known as the muddiest water io 
the country. The writer bus furnished a number of these 
combined heatera aud lime extracters, in contracts which 
came niidor his supcriiiteudence, and from the very favor- 
ablu workings of the apparatus under many conditions, 
dOfiS not hesitate to recommend it us being, in the main, 
all that the manufacturers claim for it. 
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Green's heater^ as made by the Green Feed Water 
Heater Company, Xew York city, is shown in vertical 
elevation in figure 154. Its operation will be easily under- 
stood from the following description : 

The cold water entering the heater by the pipe marked 
*'cold water," passing through an open or poppet valve, as 
seen by cut, inside of heater, is thrown upon a perforated 
plate, through which it passes, falling in the form of rain 
or spray. The float operates upon said valve by compound 
levers, and so controls with ample force, automatically, 
any pressure of the water coming into the heater, allowing 
no more water to enter than is wanted by the pump for 
the boilers, or for other mechanical purposes. The ex- 
haust 8team enters at the bottom of heater through the 
large central pipe (which pipe corresponds in size with the 
exhaust pipe from engine), and striking against the disk 
seen at its top, is directed laterally against the falling 
spray of water, heating it almost instantly to boiling 
point. The surplus steam then passes around the 
perforated plate into the steam and water separating 
box, as seen at tlie top of heater. The hood or pipe inside 
of box deflects tlie steam against the sides and bottom, 
and by an expansion of tlie steam, drops to the bottom of 
box any water taken nj) from within the heater; the steam 
passin<:: into the exhaust outlet is perfectly dry, while the 
water dropped from tlie steam, passes by a drip pipe to 
the body of the lieater below. 

The water in heater flows out to the feed pump through 
the large pipe on the right, to which is connected an air 
pipe, in consequence of which it will be noticed that the 
body of water in heater can not be pumped down lower 
than the line marked lowest water line by pump, as 
when such level or line is reached the pump takes in air 
and steam. This lowest pumping line of water, holding 
upon its surface any dirt or grease, is removed daily by the 
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pipe and valve on the left marked surface blow, while 
the collection of dirt at the bottom of heater is removed 
weekly by the pipe and valve marked bottom blow. 

The float is constructed of copper on the outside, and 
is strengthened beyond the possibility of injury from 
either pressure or collapse, by a strong cedar barrel, well 
made and hooped, fitting the inside of float. The float 
thus constructed is perfectly reliable ; but as an additional 
safeguard, a spiral brass tube (called in cut a drip), 
is coupled to and enters the bottom of float, and passing 
down through the bottom of heater, acts as a drip in case . 
of leakage, enabling the float to perform its duty until the 
leakage in float is greater than the capacity of drain by the 
drip. Furthermore, the atmosphere passing in and out of 
float by such brass tube, it becomes the means of safety 
against any tendency to collapse. 

An iron plate or apron is shown in cut just above the 
float, which protects the float from the pulsations of the 
steam, and »o, not only aids the float in keepiuja: the water 
quite below, but the drops of water fallini:: n|>on it from 
above, rebound, G^ivinii^ the steam another chance of heat- 
ing it before it passes olF at the sides to the well below. 

A water i^auixe and thermometer are furnished to each 
heater, the tliermometer standins^ on the elbow of pipe to 
feed pump. Siieh tliermometer is j>ut in position tiiat it 
mav bear tcstimoiiv constaiitlv that the heater produces a 
uniform temperature of :210^ Fahrenheit, or whatever may 
be the liighest temperature po-sible by exhaust steam. 
Two large hand holes are i>rovi(led in the upper part of 
heater, by which the valve and upper working parts of 
heater are reached with i^reat readiness and efhciencv. 
Also one larofe hand hole near the bottom, bv which the 
drip pipe attached to iloat, and any accumulation of dirt 
in bottom of heater, can be readilv handled. 



TUB "VlCTCiR UUATEB. 

The » Vielor " heater, by Wrn. Allen & Sons, Worcester, J 
Mass., is shown in elevation in tigtiro ir>5. udlI is n modi- 
fied form of the tubular 
.lieatcr so well known to 
•team userR. 

This heater can be used 
with exhauat steam where 
there is sufficient or excess 
of exhaust, also with ex- 
and live steam com- 
in a pliice where 
heating capacity is 
'eU and but a small 
le to run ; or with live 
alone, for lieuting 
for boilers used in 
Dg large public build- 
hotels, elc. Thegreiit- 
in is made iu I'uel 
exhuUHt steam only 
id, but the heater will 
uqually well under 
attier condition. When 
n«ing exhaust, the steam, 
before leaving the heater, 
must pass through three set8 . 
of tubes, each set being tliL' 
length of tlic heater, and ' 
•ach of greater area than h...inKiw. 

the largest exhaust pipe, so that the engine is relieved 
■nd all liability of back pressure prevented. 

The licat causes the mineral and vegetable matter, 1 
which U held in solution by the water, to settle in the hot- I 
toia of tbs heater, and it is blown out through the pipe in 
the ceuter of the bottom, at the same time opening the 
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live steam pipe in the top head so as to force the water 
down in a body, blowing out all sediment and dirt through 
the direct valve, which is easily reached, so that the work 
of purifying the water is attended with but little labor, and 
the fireman will prefer to use the heater and keep the boil- 
ers clean, rather than allow the sediment to settle in the 
boilers, and be obliged to remove it by chipping and pick- 
ing. The use of the heater prevents, in a degree, the for- 
mation of scale in the boilers. The heater delivers the water 
pure, at a temperature as high as 210° Fahrenheit, using 
only a portion of the exhaust steam, and does not interfere 
with the steam for heating. 

SteaiVs circulating generators for steam boilers, as man- 
ufactured by Ironclad Manufacturing Company, Brooklyn, 
New York, is shown in figure 156. Its arrangement and 
operation is as follows: 

A A is a series of heavy lap welded pipes, connected 
by return bends resting on bearers and forming a continn- 
ous close coil under the boiler, from bridge wall to back 
connection, niakins: a chamber in which the combustion of 
i::ases from furnace is maintained and the flame held in 
close contact with boiler until it strikes the deflecting wall, 
which causes it to i>as8 to under side of pipes, through 
wliicli it returns into back end of boiler: bv this means 
the heat is etpialized on coil and sufficiently retarded to 
secure full effect on boiler. The feed water enters the coil 
by ])ii>e M and its connections, under the same conditions 
as to heat, etc., tliat it previously entered the boiler, and 
\\\ its ^>assage tlirougli coil it is heated to a temperature 
ransring from 240° to 310°, and enters tJie boiler through 
I>i{)e I, as combined steam and water. J is a stop valve 
between coil atid Ijoiler, and K is a blow cock for clearing 
the coil. When the feed is stopped, the pressure in boiler 
gives full opening to check valve L on pipe P, and the 
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water from boiler passes down into the coil, through whi 
by its increasing temperature, it circulates with great rap 
ity to the boiler. By this means the coil is always fil 
with water, and can not be burned. The check valvi 
was designed for this purpose; it gives full and dir 
opening to pipe, and can not stick or fail to work perfect 

D is a riveted cast steel drum, taking the place of 
brick bridge wall, which is lowered to admit it. The wa 
from bottom of boiler passes through pipe N to dn 
where its temperature is raised much higher than that 
the boiler, to which it returns nearly all steam, throu 
pipes O H. By this means the intense heat at the brid 
drum is utilized, and a rapid and continuous circulatioii 
maintained. The lime and other impurities in the wa 
can not settle and form scale, but pass down into thedro 
from which they do not return to boiler, and are read 
blown out through pipe F or removed at hand hole E. 

The blow oft' valve connected at this point is opene( 
minute or two each day, and in this way the sedim 
(before it hardens into scale) is as effectually blown oul 
if the entire amount of water were blown oft*. This is d( 
while steam is being generated, and can be repeated 
often as required. 

As a feed water heater, this coil in the combust 
chamber possesses advantages seldom secured, and real 
in raising the temperature of the feed water nearly 
fully up to that in the boiler. The rapid and continue 
circulation of water keeps the attachment free from act 

Economizers — This word, used in connection with 1 
apparatus employed to recover waste heat passing oft* fr< 
the flues of the boiler into the chimney, is somewl 
unfamiliar to American ears, though it is by no mei 
new to those at all familiar with the leading English eoj 
neering journals. 
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An economizer is usually understood to be nii usBem- 
ige of pipes ill the smoke passage between the boiler 
id the cliiuiiiey. Its object is to abstract heat from the 
capiiig gases and turn it to iiscriil acciuint in heating the 
ed Water. It would naturally be supiiosed that the boiler 
»lf would be the heat apparatus for heiiting water, and 
Rt little or notliing would he lost by pumping cold water 
to the boiler. 

This is not the case. Boilers, as usually constructed, 
I good Bt earn generators, and act most efticiently when 
s feed water is of high temperature, nearly or altogether 
proaching tiiat of the water in the boiler. Such un 
paratua is far from being a good heater, because the 
Uperature of the e3(.!aiiing gusos, when leaving the tube?, 
■o nearly that of the contents of the boiler, that little 
no heat is given up by the gases. In a properly made 
Dnomizer, the cold water enters at one end of the appar- 
QS, and in passing through it takes np heat as it goes. 

The temperature of the eRcapiug gases is not far from 
'0^, Oil an average. If the steam pressure in the boiler 
75 poutlds, the temperature will be 320°, or a diti'erence 

380°. The rate of transfer of heat from the gases to 
o water within this range of difference will be slow, 
tl hence will require a large exposure of surface to ren- 
irit of any value. 

An economizer is not to be regarded as merely ecjuiva- 
tit to lengthening the boiler. The functions of the two 
w euliroly different. Steam can be goneroted only al cer- 
lin tern purat urea, and when the temperature of the water 
rll« below that due to the pressure of steam, ebullition 
IMCS nnlil the steam pressure is lowered to the corres- 
>ud!i)g temperature. 

The efficiency of the ecouumizer is due to the fact that 
e temperature of the water withlu it is not the same 
The feed should enter at a point lurthest 




removed from the boiler; it liere CDcounlerB the cooleaS 
gases, aii(5, iu its flow through the economizer, it takes op 
raope and more heat, growing hotter as it advances, and is 
iinally fed into tlie hoiler considerably above the atmoa- 
pheric boiling point. 

The only circulation which an economizer should have, 
is that due to the action of the feed pump, and the pipes 
should be as small &a is consiateitt with good and safe 
construction 

An economizer, by Babcock & Wilcox, New York city, 
is shown in figure 157, and is, in some respei'ts, an improve- 
ment over those in general use in Enghtud. It consists of 
a aeries of vertical tubes placed iu a brick chamber, which 
forma part of the flue between the boiler and the chimney, 
and through which all the hot gaees are caused to pass. 
These tubea are connected at top and bottom with hor- 
izontal tubes, the lower row of which are connected to a 
mud drum, and the upper row are connected together at 
the end diagonally opposite to the mud drum. The feed 
water enters at one end of the mud drum, and paases otit 
at the opposite end of the upper connecting pipe. It will 
be seen that the water has the same distance to go, and 
the same resiatance to encounter in whichever of the verti- 
cal pipes it may travel, and that, therefore, it will flow fast- 
est where its gravity ia least, or directly as its temperature, 
and only the hottest portion will be discharged. The hot- 
ter gases, filling the upper portion of the chamber, come 
in contact with the water at its highest temperature, bo 
that it is possible to heat the latter very nearly to 
the temperature of the escaping gases before it flowa to 
the boiler. 

Ample provision is madeforcleaoingthe interior of the 
vertical and horizontal tubes, and the mnd drums by meani 
of hand holes with metallic joints opposite the ends r 
each tube. This ia important, as in moet hard waU 
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the economizer more readily thaqV 



■ftdiment will form i 
ID th« boiler. 

B_v means of a direct Hue to chimney, the ecoiiomizerB 
may be deaneil without stopping the boilers. 

Mechanical eorapera, worked from above, are providefl ' 
for removHng deposits of soot from the exterior of tlie tubes, 
^^B soot railing into a chamber below, from which it may 
^^H^retnovecl at convenience. 

^^K All joints ill the cooetruction of the economizer are met- 
^Wic, MO packing of any bind being used, except for tho 
large hand holes in the mud drum, and the parts are ao put 
toKether that any one part may be removed and repluced 
without disturbing the other parts, and with comparatively 
little trouble. The tubes are made of cast iron, the expe- 
rience of years having proven that this is much the best 
material to resist the tendency to corrosion arising from 
the condensation of vapors upon their exteriors. Wrought 
iron has been found utterly unsuited to the purpose. 

Coeerinff boilers and pipes — This ia quite necessary, : 
order to save a great amount of heat which would other- 
wine be lost by radiation. There are quite u number of 
boiler coverings and cements, for this purpose, in the mar- 
ket. These are not all good. Figure lo8 iea representa- 
tion of B section of pipe, as covered with the Asbestos air I 
ehaml/er covering, under the patent of H. W. Johns, New I 
York city. These ofverings are formed as follows: 

First apply the Asbestos lining felt to cover all surfaces, 
two thicknesses. It may be cut in lengths of one incb 
more than twice the circumference of the pipes, and wound 
twice around in sections, fastening each with a single 
taro of twine, then cut the hair felt crosswise of the 
aboet in strips, one inch larger than the circumference ot 
ihe covered pi |ie, and bind firmly over the lining felt with 
lading epirallj' four or tive turna to the ruRuin^ 
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foot ; next, ciit tlie non-poroua slieatliing erosswise of Um 
Blieet, iu lengths two or tlireo indies largor llinn the ci^ 
cumference of the hair ft-lt. Tie tomporarily, tiiiJ paste 
the lap with common flour paste, and apply canifullj m 
the Burface will he smooth. This, when fiiiUtied wilh • 



fire proof paint, forms the single chamber, whioh id i 
'ble for small pipes, or where less then 40 pounds of 61 
IB used. 

To form doiihle or triple chambers, add altfrimte l»y* 
I era of hair felt and non-porous sheathing. To finish the** 
I 'cnveringa, paste hands of non-puroiia Bheathtng about tw«) 
!hea wide over the joints, being careful to \< 
16. This adds to their strength, anil forme a 




nd tees bIiouM be covered with cunvus ordriM* 
Anisbiiij; witli the non-porous shesitliitip, whioh 
'aya overlap tlio can- 
the pasted joiuta 
niah the whole with 
p«nt. 

nstructions also np- 
iring boilers ornther 
38, exeept, that the 
gld be covered with 
PIliB coveririn lias, so 
sd very satisfactory 

rneral pipe work, 
kind of covering. 

M by the Chal- 

ce Company, New 

^is shown in ligiire 

"ftpplicntion to boil- 

Raista, lirst, in leav- 

^ space or dead uir 

btween a wire cover- 

B surface covered ; second, in the keying of some 

iterial on the wire cloth; and third, in giving a 
ek to radiation by the confined air and ibe non- 
npOBttton. There are numerous other advaa- 
ll tnigbt be mentioned, but the above named are 
Iromineiit. The air space is made by taking 
1 clot!), to which IB fastened, every four or five 
nd one inch or more in length. The wire cloth 
lei over the Burface to be covered, the studs 
the necessary distance off. The plastic material 
ilied, in two or more cont^. The first coat partly 
the meshea ot'U^Kire cloth find keys itself, 
I strong, d ur^lj^^^^^^HllMfiDond irout makes 









mm 




.a emooth, even finish, which may be painted, grained, or 
varniehed, ae may be desired. 

There are many objections to applying a covering dirMt 
to the Burface of tlie boiler, for it has been found, eispecialty 




in marine boilers, that, when so covered, the inside astreli 
as the outside of the boiler rapidly scales. The air space 
method, we are informed, is not open to these obJectioDS. 
On the contrary, it keeps the iron clean and bright, beaidel 
preventing the radiation of heat and condensation of 
> steam. 

Figure 160 shows tbe application of the same covering 
to steam pipes. Teste made with this covering show it to 
he an effective means of preventing loss by radiation. i 
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SAFETY APPARATUS, 

S«rety VJvpB^DaugeroUB Connections — Combined Sufety nnd Slop 

Vftlve — Richardson' sSttl'ety Valve— Aslicrort " Pop" Vulve — Crosby J 

Safety VJve— LunkMheiroor'fl Safety Valve— Kunkle's SaMj | 

VftWe — Pressure Giiu);eH — BotirUon's Gmgp — Lane's Oaugi- — Dia-^ 

j 'phngn Qau^eB — Holt's Gauge — Post & Co.'b Gauge — Edson's 

jordlng Oaugfi — Guuge Coiks— Gluss Wat^r Gauges — Fiieible 



JThe safety apparatus commonly attached to gteam 
l^rs consists of a safety vatve, gauge cocks, glass water 
ge, presHure gauge and a fusible plug. 

Safety calces — A safety valve should be of such size as 
will enable the escape of all the steam which the boiler is 
capitble of making, without increasing the pressure in the 
boiler over ten to fifteen per cent above that to which the 
valve may be loaded. 

RtiLK 1 — The United States regulations require that 
safety valves for ocean and river service " Bhall have an 
area of not less than one square inch for each two square 
feet of grate surface, when the common safely valve is 
employed. 

"RULB 2 — But when safety valves are to be used, the 
lift of which will give an effective area of one-hiilf nf that 
tiae the diameter of the valve, the area required sliall not 
be leas than one>ha]f of one square inch to two Bc|Uiin- i'oet 
»f gratis surfftce." 
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The grate aur&ee seeme to be,ftlliIiingiieoiiiftdeff«^di|Kr: 
beet unit of measurement for determiDiog the rise ^i 
safety valves. The ordinary rate of combustion may hk { 
placed at, say 14 poonds of coal per square foot of grat% , 
and the rate of evaporation may be taken at ten XK>unds«f 
water per pound of coal, as the maximuBi. There an 
many formulas bearing on-^alve proportions, bmt thoss 
given in the United States regulations are easily remem- 
bered and ample in size for any requirement. 

The grate surface for a 48-inch boiler, as given on pegs 
246, 18 20.6 square feet; this would require an area 10 J 
square inches for a common valve, or 8f inches in diame- 
ter. If figured by the rule in the next paragraph, the ares 
would be 6.1 6 square inches, or 2f inches diameter. 

The writer does not recommend safety valves of s 
greater diameter than four inches. The area of a valve 
increases as the square of its diameter. The circumfe^ 
ence increases directly as the diameter. The escape of 
steam is around the circumference, and it will be unde^ 
stood, of course, that a point would soon be reached in 
which the area would be of little account if carried to i 
large diameters and figuring on ordinary valves. For 
example, if the grate [area required a common valve eight 
inches diameter, it would have a circumference of 25.13 
inches; the same area would be furnished by four 4-inch 
valves, the combined circumferences of which would equal 
60.26 inches, or twice the circumference for the same 
area. An 8-inch valve is an extreme case, but it illustrates 
the point. 

Each boiler should have its own safety valve. It should 
be connected directly to the shell, and in no case should 
there be a stop valve between it and the boiler. The writer 
happened to be in a large establishment not long since, in 
which he saw the boilers connected together by means of 1 
a steam drum having stop valves in the boiler connectioi 
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and ono safety vulve on the tup of tlie drum to serve for I 
tfte ivrif boilers. Tliu uttention of the owners Wita at once f 
Oallod to the ^reiit dnngei' which might nccrtio from 
Doibtentional cloBiug of holh valves. In looking over an ] 
Mintial report of the HartforO 8t*iiiii Boiler Inspection and \ 




losarance Company, the writer saw an engraving of a pre- 
cisely similar connection, with the record of tlie disastrous 
retultft foUowing. Through the courteay of Mr. J. M. 
Allen, president of the company, the writer is enabled to 
place before the reader copies of the engravings referred 
to. Figure I*>1 shows the original condition of the boilers: 
"ll appears that for some reoHon one boiler had been 
^^,ytl0«4eMU guuge betweeu tbe boilers bad beei^ 



removed for repairs. The boiler was fired up. itnd « 
deatnictive explosion occurred. Fortunately, no lives were 
lost. There are many boilera throngli the coantry set in 
this viray, and serious accidents have occurred and will 
occur so long as this practice is followed. Portions of the 
boiler were thrown from 300 to 700 feet. The following 
figures will show the manner in which the iron was toro: 







SAPETV APPAKATUS, 




A combined safety and stop vnlve, by the Atlae Engine 

Works, ludiaDnpolis, Indiana, is shown in figure I'>.'). By 

1 inspection of the engf living it will be -seen that the stop 

Ave may be opened or eluded williont, in any manner,, 
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j affecting the safety valve. Tho valve is shown whh alerw 

I attach tu out, but a spring may be nsed inatead. Thi» U m 

excellvnl form of cub- 

^■^ g^ Htruvlion, uti^l will i!>>- 

^^He^9 altlti ony pArttcnlw 

I I^^Pr" i»>-^ iH^m boilur tn n InitWry lo 

^ be shtil off from tU 

iitliers, atui, in tho 

tvcni. of ittiMini being 

rnioed, it will take on 

ofilseir. 

Thf fticfianlsoH *»/»■ 
i->ilve\» shown in fig- 
ilUW), Tiita e»p»i- 
iri:; sliows thu niual 
nioile of HttuL'liinptba 
viilvulo the ilomc bead 
of a locoiiiorivo boiler. 
A A, boiug tbo cart- 
iron lieud ; BB, Bgaa 
metal butthiMg; O.lb* 
valve lilted vrith an 
unnulur adjn&tablalip 

I '''■""•'""■ C'. Thcvalv^isliM 

from its seat by the jireaanre wliicb, in escaping around lb» 
circumference of the valve, impinges agaiiiBi Ibe interior ut 
the chamber formed by the projection of tbo valve, undbf 
this adjustable lip, which, in etiect, increases the area of 
the valve not only, but the steam actH ngsiniit it vith 
much greater force after it liflfi it from the seat ihnnbefort 
Notclies, K, arc provided in the ring for ndjaxtmoiit, wid 
secured by screws, L. Tho leHsion of the spring, F. i« reg- 
ulated by tlie nut:^, 1 1, luul cros^ beail, O. 
A eelf eoDtuined vnlvu and case for fttnlionary u4 
marine b'tilcrn. without tlic adju^mblo lip, is sliuwn iikl^ 
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ire 167 ; its action is tlie same aa tlie one nlrendy referred 
0. These may be fitted with a lock up device, as shown ; 
b« vvtWe may be set at any required pressure, and the 
Me locked up, and thna preventing access to the valve or 
pring, except to those having the key. Tlie lever may be 
180(1 to test the valve, but can 
lOt be made to bear down up- 

)u it. 

The Ashcfoji " poji " vnfcUj 
lalise — Tbis valve ia shown in 
llavation in figure lii8. and in 
Mrtial section in tigure \ii\>j 
irhich shows one of the di«- 
iactive features in the vnlve 
mnstruution — that is, the nick- 
A seat The valve sent, and 
liat portion of the valve which 
ware upon it, are made of bard 
lickel bronze, which may be 
nade as hard as steel, and yet 
iDtfors no corrosion by the ae- 
ion of either the steam or the 
^r. Tile "pop" receives its 
iBiue from the sound it emits ***"f>. 

rfaen suddenly opened under 

jrossure. Tliis can aUo be made a lock up valve by mak- 
ng « dnmo to cover the upper works, and boiling to tho 
Iftuge at A D. 

A special valve for portable and other small boilers^iB 
ihown in figure 170, and is in all essentials the same «8 
iiO»e already desi'ribcd. 

Tlie Uichardsfin and the Ashcroft patents are now con- 
;rolleil by one company, under the name of the Conaoll- 
lated Safety Valvo Company, Boston, Mass. 
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■eat, W W, is not acted iipoi 
The large sewt, V V. is 
* formed on tlie tipper edge ol' 
the shell or body of the valve 
A A. The smaller seat, W 
W, is formed on the iippi-r 
edge of a cylindrical chiini- 
her or well. C C. which is 
siliiHted in the center of ihe 
shell or body of the valve, 
, and ia held in its place by 

Iar arms, D D, ratiiating 
irizontally at right angles 
each other, and connect- 



safety valvo is shoirti in vrr- 
tical elevation in figure 
171. The valve propor, 
B B, rests upon two flat 
niiiiular seaU*, V V and 
W W, on the same plaiif. 
aiTd is held down ugainitt 
the pressure of et«am by 
the steel spiral spring f^- 
The tension of Ihiit spriD^ 
is regulated by scruwinj; 
down the threaded boh 
L. At the top of tliH cylin- 
der K, The area i-oii- 
taincd betWM>n the maIO 
W and V is what th* 
steam pressure acle upon, 
ordiuarily, to overcome 
the reeistancu of tlw 
spring. The area cou- 
tallied witliin the «niall«r 
all until the valve opeo*. 
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tag it witli the body or shell of the valve. These arms are 
hollow and form four passages, E E, for the escape of the 
steam or other fluid from the well into the air when the 
valve is open. This well is 
deepeued so as to allow the 
wiuga, X X of the valve 
proper to project down into 
it far enough to act as guides. 
The area of the apertures, 
at the outer ends of the pass- 
ages through the arms is re- 
duced more or lees at will, 
hy screwing up or dowu the 





adjustahlo ring G Q. Action of the valve when working 
tindor steam: When the pressure under the vulve is 
Within ahout one pound of the maximum pressure re- 
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, the valve will open slightly, and the steam will es- 
cape under the larger seat into the cylinder aarrounding the 
spring, thence into the air; the ateam ia also forced ander 
the smaller aeat into tbe 




.6. 
rnu 1 

1 



well and thence Uirougb 
the pasBAge in the arms 
into the air. Ap sooni 
the prcHBLire ntlAina 
exact maximum poi 
the valve will he lifted » 
liigh aw to force the slcain 
into the well faster than 
it can escape through tbe 
apertnres in the arms; > 
pressure will then acwi- 
nnilate nnder the iiiritf 
seat, wliii^h will be in el- 
cesa iif what was required 
to (ivercume the incrtw- 
ing resistunoe oil'ered hj 
the spring, and acting 
upon the additional are* 
presented, at once forces 
the valve widti open aii<l 
rapidly relieves the hiiil- 
er. This pressure under 
the inner seat ia of it»*\( 
differential. The val« 
then at onc« slowly Ml- 
ties down mid the pren- 
ure under the inner seat 
as slowly diminishes, Hu4 
so continues Until 
Erea of the opening, under the smaller or inner seat, is 
' AD the area of the apertures in the arms for the esca] 
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kumkle's safety valve, 403-1 

the steam ; the pressure then ceases and the valve promptly | 
cloaes. The point of opening can be readily changed while I 
under steam by screwing the threaded bolt at the top of Ihe 1 
cylinder, either up or down ; and the point of closing is aa 1 
easily a<ljusted. by screwing up or down Ihe ring surround- 
ing the outside shell or body of the valve. The seats of 
this vaWt; are liat and do not wear out and leak so readily 
as beveled seiit^. 

This valve is made by the Crosby Steam Gauge and 1 
Vuilve Company, Boston. Mass. 

An adjustuble lock up safety valve by F. Liinkenheinier, I 
Ciacinuati, Ohio, is shown in figure 172. 

The valve B has au annular projection beyond the seat I 
and iitted oii its upper side with a concave step to receive I 
the poiut of the stem shown above it. 

The manner of loading the valve is novel and simple, " 
so no mistakes are likely to occur. Every valve is set to 
ninety pounds and so marked, unless otherwise ordered. 
The change of the load is effected by a aeries of wasiiers P 
between the spring plate C and set screw E. J 

Each washer added will increase the load ten ponnds;! 
each washer taken oil' will reduce the pressure ten pounds. 1 

The valve when locked can be lifted at will, but can I 
not be loaded, being prevented by a shoulder in bonnet I 
flt S, When taking the valve apart, remove the lock, lever i 
and bonnet, and raise the set screw E, so as to relieve the I 
spring, then insert the lever II iu the fulcrum, and the cas- I 
ing or shell is easily unscrewed. | 

Before adding the bonnet, keep the set screw well down I 
to ltd shoulder. I 

A lock up safety valve by E. B. Kunkle, Fort Wayne, I 
Ind., is shown in figure 173. The spring is set betweeni 
two tapered points, enclosed in the valve with suffitientl 
room to allow it to curve when weighed down, which pre- 1 
Teots all friction, securing the spring from L^UCover-1 
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heated by the steam so as not to weakeo it; the to|i end 
of the valve is enclosed by a flange underneath the cap, 
thus protecting the sprhig from the steam, sediment and 
cinders, when used on locomotives, keeping it entirely 
clean at all times, making it reliable under constant aclion, 
which can not always be the case with epriugs exposed to 
the steam and weather. 
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r The nniform bearing of tlie valve upon its eeat by rea- 

Bof tbe long ribbed chamber pre- 

bts tlie valve from capping upon 
I side and causing the ateam to i 
oat away the seat. 

The outside regulator can bead 
justed when tbe valve is Itlowing | 
off, 80 that it will act with a "sudden 
report, or open and close gradii ilh 
with little or no report. It is pro 
vided witli a ecrew bolt resting on 
the plate on top of the spnng, and 
jam ntit holding it firmly to its 
place ; tbe top of the bolt beine; 
adapted to receive a lead seal which 
makes it doubly safe from being 
tampered with. Fi^uaB iw. 

Pressure gauges prnperiy belong to the safety apparatus 
of a boiler, although performing no other service than 
simply to indicate the pressure withiu the vessels to which 
they are attached. As great reliance is often placed ou tbe 
steam gauge, it is of tbe utmost importauce that it be of 
approved design and of the very best quality. Steam 
gauge pipes should not be attached to a steam pipe, but to 
the top of dome, drum or boiler. 

It not unfrequently happens that the safety of au entire 
establishment depends upon tbe reliability of this instrn- 
meat and on tbe safety valve. The latter is not always 
convenient of access, and is liable to be neglected; the' 
steam gauge, on the contrary, is alway-i placed in some 
convenient position, and is consulted every few minato^ 
when the boilers are in use. The writer has knowoj^l 
instances in which gauges had been in use for a long til^^| 
and upon submitting them to a test, many were foaad^^^l 




e go far in ei-ror and so unreliable in their readings as I" 
2 utterlv worthless; in one instance in partiiiolar, agaiige ; 
miirking nearly twenty-four poun<ia per B<]uare inch too 
little, the pointer starting from in every case, when 
relieved of pressure. This was a finely finished, high I 
priced gauge, ond was believed to he correct nntil it wm 
^Bubmitted to a test. 

Every steam gauge should be feBted at leaat once > 
K^ear, to he 6uie that it indicates the pressures correcllv. 

Spring iiaiiiies have for many ye4ir9 past been in very gen- 
eral use in thiBcouB" 
try, most uf themb*- 
iiigeither direct cop- 
ies or some modifica- 
lion of the nriginnl 
Itourdon gauge, il- 
I lustrated in figure 
1 174. This gauge 
onsiste of a curved 
I? tuhe.usually of breaa, 
ihougli sometioiesoF 
steel, havingaii oUip- 
lical cross section, 
thus: Q. One end 
of this tube its rigidlj 
fastened to that por- 
^ tion of the instrument Ijy which communication ia had 
with the steam pipe: tlie other end is closed and left free 
1 lie inflnenced by the pressure within the tube. The 
action of this internal pressure on the tube ift to change 
I its transverse section front an ellipse to that of a ciroU. 
■This change of section disposes the metal diflerently in 
l-tho tube, and lias a tendency to straighlen it, and being 
"fixed at one end, the other moves outward fronij 





original position occupied when free from pressare. Ths^ 
distance at which this free end of the tube will nioval 
depends entirely upon the pressure within it; advantag&l 
is taken of this movement to record on a circular dial! 
the pressure found necessary to produce certain move-l 
meiits. These curved tuhes may be made of any deairedl 
tension, the thinner 
the Mihe the leas will 
be the pressure re- 
quired to produce 
a movement. The 
flicker the tube , 
the greater will be I 
the pressure reqnir- ■ 
ed, 80 tlmt gauges 
may be constructcil 
on ibis principle in- 
dicating very sligiii 
pressures above tiiu 
•tmosphere. or. liy 
the suitable selection 

of a tube, they may be made to register the highest presa-j 
ures of the moat powerful hydraulic presses. 

Steam gauges usually have a siphon attached to pre-l 
■rent the steam entering the tube. This siphon collects i 
body of condensed water within it, against which thol 
Btenm acts on the one side, and through its action the^ 
pressure is communicated to the elliptical tube. During 
the winter months the tuhes in the Bourdon gauges are not 
unfrequently split, or else so disturbed by the freezing of 
the water as to produce false readings. Tbia defect in the 
original Bourdon gauge was wholly remedied in the modi- 
fied oonstruclion designed liy Mr. Lane, whose gauge is 
shown in figure 175. 

•ThUmffning, »nrt th.' oiik ppiwkIIiik 
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Tbia gauge differs from the one just described in bo 
combining the indicating tube with the pipe through which 
the pressure is transmitted, in such a manner that the 
length of the tube in either direction from its junction 
with the steam pipe shall not exceed a semi-circle, and 
placing the tube in such a position that it shall dcsceod &t 
any point towards its junction, and thua drain any water 
it may contain back into the pipe. 

By joining the pipe from tue boiler with the indicating 
tube at a point nearly midway between its two ends, and 
bendiiig this tube so that the ends shall be nearly over the 
points where its two branches are rigidly supported, the 
tube is rendered less sensitive to the vertical shocks to 
which it may be subjected, especially in locomotive use. 

By bending the two portions of the indicating tube 
symmetrically, or nearly so, upon the opposite sides of t 
vortical lino, and then conneet'ing the two extremities of 
the tube with the lever, as aliowu in the engraving, will 
prevent the horizontal vibrations of the tube from being 
transmitted to the index hand, the lever being pivoted to 
the indicating tube, and is not attached to the case, tliis 
latter being an important feature in its construction. 

Diaphragm (gauges, are those in which there is a cavity 
or chamber in some portion of the mechanism (usually 
immediately below or in the back of the case), in which 
the pressure is applied on one side of a flexible partition, 
the etfect of which is to "dish" it in the center; this force 
is opposed on the other side by a spring, or other 
device; in those gauges in which the partition (the diftr 
phragm) is not strong enough to resist the pressure, a 
movement of the diaphragm will take place. This move- 
ment corresponds to certain pressures which are to b» 
marked on the dial of the gauge. 




This principle of cooetruction admits of almost num- 
berless combinations, and as a result scores of these 
gauges have been designed, ranging everywhere in excel- 
lence from good to bud. The principal defect in these 
gauges, where a metal diaphragm is used, is, that continued 
use soon destroys the elasticity of the diaphragm in those 
gauges where its movement in the center amounts to J 
inch or more. Many experiments have been made from 
time to time, to determine the best system of corrugations 
for the diaphragm, for 
upon its efficiency and 
durability depend the val- 
ue and reliability of the 
gauge itself. 

Figure 171! is a modi- 
fied form of a diaphragm 
gauge by Mr. John P. 
Holt, Cleveland, Ohio, in 
which 1 represents a brass 
plunger which rests up- 
on a flexible diaphragm, 
shown immediately below 
it. The upperend of this 
plunger is attached to 
a semi-circular spring 
which extends across the fioubbim. 

case as shown at 2; a lever 3, having a fulcrum attached 
I'the case, is operated by the action of the plunger 1, and 
I through the action of the intermediate meohauism, 
WD in the center of the engraving, the upward motion 
be plunger is indicated on a circular dial, and corres- 
ding pressures read oft' in the usual manner. 
The prominent feature in this gauge is the placing of 
'spring 2 inside of the case and out of contact with 
1 or moisture. The rise of the brass plunger is, in 
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I Mr. Holt's practice, reduced toabout -^ inch. This gauge 
ris quite sensitive in its action, and is well liked by locomo- 
Itive engineers on account of its being able to withstand 

the jarring incident to railway service. 

Figure 177 represents an internal front view of a di»- 

phragm gauge by Post & Co., Cincinnati, Ohio. A por- 




I 



cftl movement which transmits the vibration of the dU* 
phragm to the pointer or registering hand. This is beUer 
shown in figure 178, which represents a perspective Bao- 
tional view of the whole mechanism of the gauge, wiUi 
the exception of the pointer and graduated dial. 

The eteam enters the gauge at A and poases ttiroogh 
into the chamber B; a diaphragm, C, is securely ftwteaed 



about mi<lway in this chamber by screwing ilown the fol- 
lower D lirmly upon it. A thin, aoft metallic gasket, 
shown by the parallel lines immediately below the section 
[the dirtphragm at D, insures a tigbt joint, and prevents 
team passing through into the body of tlie gange. 



I 




The diaphragn is. of course, the important thing in 
any gunge of this description. Heretofore the great 1 
trouble haa been experienced by tlie disiphragm yielding ' 
RODicwhat at the joints, by slightly drawing ont, eo tliat 



St different times, under the same pressures, the gauge i 
would indicate difierent readings. This difficulty is over- 
come by making the surfaces of the joint to incline up- j 
ward, so that when the follower T) is screwed down upon 
^e diaphragm and the steam impinges upon its lower sur- 
faeea it will tighten the metal within the joint instead of 
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permitting it to yield, und will at the same time lesseo tbs 
possibility of any leak of steam. This detail of eoualrac- 
tioD is sliowii ill tigiire 17£l. 

The diaphragm in this gauge ia a radially uornigaled 
steel disk, and is uompeiisiitiiig in its movctnmit, in thai, 
wheu the pressure i» a|>- 
plied, it has a motiun 
vvliich showB it to be scn- 
silive to tlie moat deli- 
cate pressure. Tine nut- 
lion ditttrihutes the ex- 
I pansion or strain on tb* 
I fibera of the steel Ibrongli- 
I nut the whole area of lli* 
J disc, instead of having, n* 
fin ordinary discs, all t)i« 
r strain come upon which- 
ever corrugation may b* 
the weakest. 

This peculiarity of eoit- 
fltructiou was put to a 
severe test during tin 
Cincinnati Exposition nf 
lg72_ ^y subjecting one 
of these gauges to an accnmuhiting pressure until fifteen 
hundred pounds had t)een reached, and this, without "set- 
ting" the spring or aQocting its accuracy. 

Figure 180 is a full size representation of the follower 
D, and exhibits so clearly the registering mechanism as io 
need little or no description. 

The lever E rests upon the center of the diapbrae:m,ftn<J 

is kept in contact with it l>y means of t)ic spiral ^priog 9. 

The pressure of steam in the chamber U (8ci> ligure 

178), presses the center of the din|i1iragm C', outward; tbt* 

raises the iever E, which lias indirect conuocliou with 
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Mctor and pinion, as shown. Thia piaioa abaft carries 
(he pointer iudicatiiig the pressure of steam on a graduated 
dial ID the usual mauner. 

Beconiijig gauf/es — The objects for w)i!cb recording 
ffauges are designed, among others, are, 

1. To save life, by furnishing a monitor or check upon 
all those in charge of steam maobinery, on laud or water, 
inciting them to utmost vigilauce and care. 

2. To furiiiab an engineer means of obtaining an 
induliitable voucher of bis capacity, as well as of his fidel- 
ity in the discharge of his responsible and important duties, 
and nil impartial umpire to refer to when disputes or dif- 
ferences occur. 

3. In cases of disaster, to fix the responsibility where 
it properly belongs. 

4. To effect a saving in fuel by regulating the pres- 
sure, and thereby to diminish injurious strain on the boiler, 
and wear and tear of machinery. 

5. To assist iuspectnra in arriving at the actual condi- 
tion of the boiler, by showing the treatment it has sus- 
tained, aa well as to enable them to judge to the fitness 
and reliability of engineers, when granting licenses. 

6. To secure any desired degree of heat by maintain- 
ing the relative proportion nf steam pressure necessary in 
factories, drying establishments, hotels, public schools, etc., 
where the proper regulation of the temperature is indis- 
pensable. 

7. To afford reliable and tangible data for scientific 
and other investigations; for which purposes these "charts'' 
or "steam logs" should always be dated and filed away, 
on removal, for future reference. 

Fignre 181 represents in elevation a time pressure and 
•poed recording gauge, by M. B. Edson, New York city. 
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ill itiilicatioiiB mid accurate diugnitM 

hurts deiiiie tlie time, and the ssfcl; 

alarm is sounded whene^^or 

the limit Bpeeitied i^ball be 

exceeded. 

An " electro ■ mugtietii* 
alarm apparatus" will br 
furnished at a small extra 
cost, which rings a goup at 
the hoiler whenever and m 
long as excessive pressure 
exists. The gong and maj;- 
net and batteries aro ehowD 
in figure t8:i. 

The gauge should be 
placed upon the shelf, anp- 
ported by the brackets acd 
firmly secured to a wall 0» 
(lurtition of the otlioe (or 
ailier room) where it is if 
*\veil to place it, and about 
iS feet from the floor. Tbe 
aperture undorneath (to re- 
ceive the steam or otbtr 
pressure) is intended for a ^-inch pipe with a bent tabe or 
siphon. 

The clock should be fully wound every day at the time 
of removing the portion of the chart traced upon. 

The pencil lead is held by means of a alotted point in 
the thnmb-sorew (at the lower end of the spring holdor) 
and may be pushed inward or withdrawn (alter n(|justing 
the screw), so as to give a clear tracing of every fluctua tiou , 
indicated by the "pointers" on the vertical 
scalea. 




cftl and ?jj^B 
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The (toothed) frictiou plate upon the right baud reel | 
should be released (by uuscrewiiig the thumb-nut), in order* 
that the chart traced upon may be removed and a fresh por- i 
tiou drawn forward. After the new end has been inserted I 
in the slot in the reel and adjusted to the proper clockl 
time, the not should again be screwed down apon the reetl 




just sufficiently to rot&te the same, care being observed 

not to press so hard as to retard the movement of chart. 

If the pencils become hard, soften by soaking in oil. 

bearing in mind that too great pressure upon the chart by 

L the pencil will retard and may stop its movement. 

^B^ Xeep the chenille at the bottom of the glass dome 

^^^nBsed down to protect the instrument from dust. 

^^r "When the gauge is used to indicate pressure of steam, 

water or oil, and is placed above the boiler or reser 

deduct say one pound from the indicated pressun 

every two feet in the difference in elevation ; when below 

the level, add at the same rate. 

The distance from the boiler longitudinally may be 
extended several hundred feet without materially afi'ecting 
the intlicatiou of pressure. 

The alarm movement is wound by a key from the front. 

The alarm may be adjusted to ring at any point of 

pressure desired, by menns of the long screw, which will 

be seen immediately behind the dial. 
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The liorizoDtHl lines on the chart generally inilicate 
every teu pounds of pressure, each chart being ^ecially 
raled to correspond with the exact indication of the prea- 
•ure by the hand on the dial. 

The portion of chart recorded on should be removed 
daily, dated and carefully preserved for reference. 

The automatic tracing upon the chart should, on no 
account, be re-traced, as that would efiectually destroy Its 
integrity. 

Reduced fac-siniilcs of charts actually made are shown 
ill figures 183 and 184. 

The speed recording apparatus is epecially adapted for 
fuctorieei, mills, etc., where the maintenance of any deiiuite 
rule of motion is required ; and upon railways and eteam- 
Imats generally, where economy, safety, time and speed. 
each and all should receive speciiil supervision (as ihey, 
alike, demand every poesibie protection against the results 
of i^orancc, carelessness and recklessness in which thu 
entire community is interested), they are of necessity 
indispensable. It is obvious that clmrts automatically 
traced, which contain evidence of the rate of speed of a 
train, or the rate of motion of machinery, and whereon 
the degrees of steam pressure carried is written, and 
which, fuptliermore, defines tlie clock time occupied by 
any given performance, offer a combination of evidence 
at once impartial and exceptionally complete and incontro- 
vertible, and must in all future time be of great practical 
valae. 

The records may be secured against tampering by a 
band passing over the glass dome, or may be entirely con- 
cealed from view, when such precaution shall be deemed 
judicious. 

These speed records are made by means of a small 
governor, forming a part of the instrument and shown 

: « 
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attached below the shelf in figure 181. A small grooved 
pulley is also shown, by which it is driven. 

Place the belt in the groove of the pulley (which is 
four inches in diameter) and so adapt all other pulleys 
as to secure the desired number of revolutions (or rate of 
motion), .the maintenance of which will result in a uni- 
formly traced horizontal line upon the chart. Any curva- 
tures, cither above or below such fixed line, will show the 
extent of all variations of speed according to the degrees 
upon the vertical scale and corresponding lines of the chart 

The vertical subdivisions on the chart define the hours, 
or clock time, and the ruled horizontal lines define each 
successive five or ten pounds of pressure upon the gauge, 
from zero up. 

By slightly moistening the speed records they become 
more distinct, and will be rendered indellible. The differ- 
ence in the color of the tracings will prevent confusion. 

Gaurje cocks — Each boiler should be provided with at 

least three; the middle one on the water line, the lower 

one at least one inch above the crown 
sheet, or top of flues, and the upper 
fk.ukk ih.->. one at any convenient height, ao- 

cordinii: to the construction of the boiler. There are a 
great variety of gauge cocks in the market to select from. 





FKiiruK 18G. 



Compression gaui^c cocks are perhaps the best for port- 
able engines and loconK^tives; the "Mississippi" gauge 
c )ck, .^hown in lii^iirc 185, is an excellent one for statiou- 
ary boilers. A niodiiication of the latter gauge cock is 
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made by A. W. Cadman & Co., PitUburg, Pa., fitnl sliown 
in figure 18G. 

By reference to the cut it will be aooo tliat the valve 
Mill Beat 18 placed at the Gud most remote from the boiler, 
tbaa avoiding the common result of twist- 
ing the valve seat out of shape when put- | 
ting into the boiler. The valve being plac- 
ed away from the heat of the boiler, it can 
oot be stuck fast by a formation of scale, as 
is fretiueutly the case. There being no 
eirculalion of water in the shank (except 
when blowing), there can be no danger of 
its stopping up with sediment. Tlie valve 
stem being eo short it is impossible to bend 
or break it with the gauge stick. 

Glass walrr gauges — The commonest 
form of such a gauge is shown in figure 
187. In fixiug it to the boiler the top of 
the lower stuffiirig box gland should be at 
least an inch above the crown sheet or top 
of the dues. fiou>k is7. 

This will place the level indicated by this gauge and 
the lower gauge cock in the same plane. This attach- 
ment oonaists essontiully of two connections fitted with 
valves, one for the steam and one for the water; the latter 
is farther provided with u pet cock to test the lower open- 
ing. The glass tube passes through a stuffing box at each 
end. An ingenious device, shown in figure 188, ts by Aug, 
i'. Brown, Nuw York city, wliich consistfi of a hall placed 
in each connection, and of such size as not to prevent 
^« steam and wuter passing freely into the glass tube; 
jot, ill the event of its breakage, the current of water and 
■team will carry the balls outward and close the pass 
loodiug to the tube. This will allow the iasertiun 
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evr tube, wheD,b; the action of tho screw B on tli6 vaiM 
L, communication is again made with the boilur. 

Fusible plugs should be attached to the crown sheet of 
all inteinallT fired 
boilors.and areotlen 
attached to the up- 
per side of the flue« 
in extenmlly fired 
boilere. Tliey oon- 
sist merely- of a brao 
ebell filled with ban- 
ca tiii.orothermetai 
melting below tlit 
red heat of iron. 

The object of ft 
fusible iilug IB to 
melt when the water 
in the boiler be- 
comes dangerously 
low, and are placed 
over the fire box 
that the contents of 
the boiler ma; be 
emptied into it and 
put the fire out. 

Fuaibleplugsarc 
often rendered in- 
operative because 
the J become cover- 
ed over with sca)^ 
which maj be of sirf^ 
ficient tfaickoeu tr ' 
FimiBBiM, ""■ withstand the pt 

I after the "metal bas^een melted b^or 
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To avoid the possibility of the safety plug becoming 
inoperative through the accumulation of scale over it, a 
device for its protection is shown in figure 79, p. 284. 
The plug is contained in the pipe 3 at a point shown by an 
enlargement of the pipe about half way up from the bottom 
of the boiler, and above it a continuation of the same pipe 
extends upwards beyond the water level, so that as the 
water never comes in contact with the metal there is no 
chance of scale ever forming over the metal of the plug. 
The security against the water falling dangerously low, 
Afforded by the use of the safety plug, has been fully 
appreciated, but when improperly made or set they may 
become a source of danger instead of safety. 



CHAPTER XVI. 



INCRUSTATION j CORROSION- 

Soft nnd Hard Water — Carbonate of Lime — Sulphates of Lime and M»fr 

nesia — Incrustation — Prevention and Removal of Scalt- — K*mi''t 

Boiler Cleaner — Use ol Tannic Acid — Starchy C'ompounda — C«r 

^^^ bonate of Soda — Crude Petroleum — Tannate of Soda — Ext«nal 

^^K Corrosion — Internal Corrosion — Pitting of Plates — Gronving. 

Feed water tuny be divided into two distinct classes: 
Fresh and salt; as we have nothing to do willi miiriut I 
boilers in thia book, the latter will not be considered. I 
Fresh water may be either soft or hard. I 

By eoft water, is meant pure water; that is, wst«r 
which, upon evaporation, leaves no miocral residue which 
had been held in solution. It may contain impnrities 
which are held mechanically, such as sand, mnd, etc., 
which may also be removed mechanically by filtering, or 
percipitatioQ in tanks where the water is allowed to be- 
come quiescent. The localities in which pure or soft nater 
abounds are not numerous. It is the best water for boil- 
ers whenever it is practicable to obtain it. Bain water 
may and often is collected in cisterns for small powers; 
this is quite practicable and is recommended. 

Hard water is to be distinguished from soft in its con- 
taining in solution salts of lime, maguesia, iron, etc.; tht 
two former being by far the most common. There an 
localities in which the sulphates of lime and ma^eaia pi* 
dominate, though the carbonates are ofteaer met with 
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flcre aro other subatances, siicb as silica, alamliia, salt, 

,, «lii«li are often found in feed walor. 

Carbonntoof lime ia well known to us under tbo namoBj 
of limestone, marble or chalk. Its prcaenco in fuod w:itori 
amy bo accounted for in this way; rain water faliinjr ujioal 
the surface of the ground' ie taken up by the soil, and in 
U» pasiukgo thronyli it absorbs more or less carbonic acidj 
there preficnt as a rosiiU of organic decay. Cold waten 
diaaolvuii about its own voUinio of carbonic acid, whateverj 
be the density of the gas wirh which it is in contact; thiu 
proi*erty decreased as the temperature of the water inJ^ 
creases, so that at the boiling point it is scarcely pcrccp<a 
tible. 

When water so aatarated comes in contact with limorj 
ctnne or marble it dissolves it and wc have wells or springifl 
which yield kiinl wafer. When this water is heated to Ihaf 
boiling point, the carbonic acid is given off and the < 
boDttte of lime remaina in the boiler. For a time it is hclda 
mcchanicully in suspension, but gradiiuity attnclies itselB^ 
lo the b'liler, forming n solt scale by allowing it to dry t<f 
^e lihell after blowing out, the rurnuce walla being slilq 



tr. J. M. Allen says, in bis annual report* for 1873: 

Bt tiaa geaeraily been eiiiiposed that n dep<i«il iu a eofl slntAJ 
I little or no injuiy Ion builer; but- our ex)ieikiice has pro 

J ihftt the contrary it* lru«. The impnlpable [loivjer Tuuit^ 
»r, wtiPD foipty and Aty, \n inainl]- (uirb<innl>^ of lia 
Bl l>f its ]i^hMie«B it U long livlil in sui^ieoi-ipn. 
^ fram cnnsTaiit nvaporation mid Hlllv or no blmving, I>pcori<« *tMA 
( wilii tbU mati<rinl, it is rendered unfit forgenciiitingslniiii o 
bit of tlio resUtanci: offered to the t^capc of the sleam bubble 
1 the rr«e convection of lieBt. A dp|iosit of sliisli or Eludge O 
R llif bottom, around llie wuidh, aud in Gr« box boilm aronaj 
« «hi!«iii and In Iho water I^i!*. It< jireM'ni'e io delected I 
e ftt (b« seauiR. frac>tur*^a at the edge cf ibi* iJates, and in 

B Bulln InupKUnii aBd Ihiiibdi* 
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line of rivets, and by over heating, ant) consequent depreuiooa a( pnt^. 
tions of the plnles where it rpsU, 

"This action maybe better underBtood by those nrhohaveWDte}i<d 
the process of making what i^ known as '■ hasty pudding." A* tht 
aoTU meaX and water begin to tioil the difficulty which tkevt^oiiKV 
I vapor g;enerated at the bottom has in escaping is manlfe«ted by (M 
■puttering manner in which the surface of the muah is thrown 
about. If vigorous stirring is not kept up, it burns on the bultna^. 
and acts very much aa the slueh or sludge from lime does Iti fttuUK 
boilern. 

"This difficiiUy is greatly aggravated if grease finds its way iota 
the boilers; the grease appears to combine mechanically with thccaiv 
bonate of lime and sinks on the platen when the boileca am ai rati. 
It becomes a loose, «pongy moss, which is not earricd off by the ciTcub^ 
tion, but, by its contact with the plates, keeps the water from tlien^ 
and, by offering resistnnci- to the free transmission of heat, cauMft 
over heating and burning of plates. Before we had fully invpttigatrf 
this subject, our opinion wiu<, in many instances. wher«< builnnt mtrf 
leaking badly niid showed indicationa of having been tmrned, that Ik 
was caused by the carelessness uf tho migineer in starting his flt^ 
with no water in the boiler." 

Wbnt has been said in regard to v»rIioiiate of lime H 
also in the main true of magnesia. 

Sulphate of lime \a known to nearly every one ander 
its common name, plaster of paris. It is soluble in nearly 
four hundred parts of wafer, at a temperature of 95° and 
almost if not completely insoluble- at a temperature of 
290°, or slightly more than that corresponding to forty 
pounds steam pressure. When once found ia the boiler* 
there is no such thing as re-diRsolviiig it by a mere redac- 
tion of pressure, as it forms much more rapidly during the 
day by evaporation thitn the water will re-dissolve during 
the night, should the tempet^ture ever get so low as 95**. 
The formation of scale in a boiler in which sulphate of 
lime predominates is quite irregnlar; being more tbk^ - 
twice as heavy as water, it can not long remain in suspe* 
aion, and is found in deposits of varying Uiioknesa,- 
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hardness vRryitig ftc-cording to the EtibettiTiccs in combiiia- 
tion witli ir, and tlie Iieut to which [lio whole may hnve 
been subjected; ntid forms, perhaiis. tho most troubleeomd 
■cale that the steam user has to contend with. 

Carffonale of magnrsia will be found in feed water ii* ' 
loealiliea in wliich magneaian liniestoiie abouiida. It irfj 
Dot usuiilly found in any greiit qimnlity. as compared witbl 
the other suits named. In ita behavior in the lioiler, it i 
not unliko carbonate of lime at similar tem[)eratnras. 

There are a number of other substances which act in 
manner analogous to those ulrendy referred to, but as they 
are in general so small in quantity, when compared with the 
Others, they need not here be particularly described. 

The impurities in feed water, when consisting of salts 
of lime and magnesia, produce incrustation; when an excess 
of acid ia contained iu the water, corrosion takes place. 

Incrustation, when allowed to form in any boiler, ha» 
tbe effect to reduce ita steaming capacity and also induces 
over heating of the plates, by reason of its being a iion- 
aonductorof beat lis presence also prevents a satisfactory 
iat«riial exaniinutiun of a boiler, as it covers the joints and 
other portions which should be laid bare to make the 
inspection thoruugh. 

M*ny attempts have been made to calculate the loss of 
beat by the accumuliition of scale. The results show great 
kwi, but exactly how much is not onlirely known; it is 
placed by different observers as follows: 

> ;^1j)oL tliick rviiuiresiui iticreiute of 15 percent in fuel, 

fioeh thick requires an increiu<« of 30 to 60 per cent in fuel. 
Ii thick requiretan tnoreaBe of 60 to I6U p«r ct^nt in fkual. 

3 luat line is given for what it is worth. 
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The 'prevention and removal of incrustation is a subject 
which interests every one having a boiler fed with hard 
water. The usual means of prevention and removal are, 
by blowing off; the use of chemical agencies which render 
the impurities more soluble ; the use of some mechanical 
device, fitted to the interior of the boiler, which will col- 
lect the deposit and which may then be removed, cleaned 
and replaced. 

Blowing off is the easiest and readiest method of get- 
ting rid of surface impurities which will prevent the free 
escape of steam at the surface of the water. Tliere are 
many devices for this purpose; the one described below ia 
said to yield excellent results by those who have them in 
use. 

Kemp's boiler cleaner, as manufactured by James F. 
Ilotclikiss, Bay City, Mich'., is shown in figure 189, as 
attached to the boiler when in use. 

A is a box or reservoir located above or upon the arch 

wall of tlic boiler. In murine boilers the reservoir niav be 
suspciHlod from the deck frame above; from this reservoir 
three pipes extend: the first pipe, 13, enters the rear part 
of the top sheet of the boiler or generator, and is con- 
nected with a horizontal pii>e, which is adjusted a little 
below the water line. At either end of this horizontal 
pi[)e is an enlarored mouth, C, ])artly submerged, but 
cxtendinir a little above the surface of the water — the 
months beini' of a diameter to allow several inches varia- 
tion in the water line. The second pipe, I), leading from 
the reservoir A, enters the other end of the boiler, in sim- 
ilar manner, terminating below the water surface. 

When the boiler is heated, a constant current of water 
is immediatelv established throuu^h the bell mouth C, and 
pipe B, tilling the reservoir A, and, cooling to a certain 
extent, it returns to the boiler by the pipe D. It will be 
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obser7cd that the up flow pipe U placed about midway 

between the fire bridge aud tlie back end of Uie boilci 

a point where the water ia presumably botteat. 

other bund, the down flow 

pipe enters the front or 

cooler portion of tlie water, 

and, wliile tlie water may 

rise and tall in the boiler 

to any moderate extent, 

the enlarged mouths, U, 

will constantly maintain a 

current free from steam, 

from the surface. 

As the sediment and 
impurities are chiefly eop- 
aratod from the water by ii.,uke ui- 

ebullition iu that part of the boiler where the horizontal 
pipe is located, they are immediately drawn in by the 
cnrrpiit and carried into the reservoir A; here, the current, 
weakened by expansion, can support the impurities no 
longer, and they settle in the reservoir, iiud are retained, 
until blown oft' through the third pipe E, as seen in the 
«ii^raving. The reservoir may bo located at any desired 
fioint above the level of the water line, as most convcn- 
tent, ftud occupies no ap|)reciable room. It usually holds 
ttbout three gallons of water. 

When the boiler is in use the atop cocks should alwaya 
be left open. 

To wash the reservoir out, open cock E for about half' 
a minute once caclt diiy, or as often as necessary. This w 
einiply all the attention required in a general way. By 
placing u vessel under the blow off pipe, the amount of 
deposits can be easily ascertained. 

In severe cold weather, where the boiler is exposed an(t; 
allowed to stand unused a day or more at a time, shut thv 



3top cocks D B, ftiid open cock E, leiiving the re«erToif 
empty; but ao long as the water ia wariii in the boiler, i( 
win circulate through Hie reservoir tiiui keep it troM 
freezing. 

The use of chemieal agents aeenia to be a favorite one for 
the prevention or removal of scale. Tliere arc h«n<Jredl 
of" boiler compounds," Bome of them of surpaBsiiifi; excel- 
lence, othera perfectly useleas, ii not positively hurtful. 
Nearly all compounds for this purjiose have either tannie 
acid or soda as the active agent. Vegetable matter doet 
not, aa a general thing, act injnriofisly on the platca and if 
it coutains any conaiderable qnantity of tannic acid, it nmy 
prove of great value in arresting or preventing incrnsta- 
fion ; and for this reason caoutchouc (crude india rubberj 
nutgalls. logwood, hemlock, mahogany, etc, arc ofl*p 
employed aa scale preventives. The chemical action of 
the tannic acid ia to decnmpoHe the carbonates in tho 
water, and thus to form a tannate of Itme, inatead of a car- 
honate, and in the kuiiio manner for carhonale of niugncsis. 
Timnates of lime and nmgnesia are not eolnblc. and beinjt 
of light specilic gravity, are held mechanically in enapen- 
sioD by the circulation of the water. These particles of 
tannate of lime or magnesia floating in the water do not 
have a tendency to unite to form masses by their adheaioo, 
and may easily be blown out of the boiler with the water. 
This chemical reaction does not occur in water contain- 
ing sulphate of lime, and for this reason an analysis of thi 
water should be had before using any eompoaude haTing 
tannic acid as the principal ingredient. 

Molasses, potatoes, vinegar, etc., etc., have found th^ 
way into boilers as preventives. The latter contaiDirig 
acetic acid, decomposes the carbonates of lime and iiui| 
uesia, forming acetates, which, being soluble, are kept 
sotatton and do not form scale. There is daogsr, bom 




•hat ni) exceM nf free acid will act injuriouBly on the 1 
plates. I« regard to )iotutooB or any starchy compounda, 
tliey nmy and oflen do prove eerviceable. Their action | 
■eems to be nie^liaiiical.aiKl to onvelupe the solid particle 
of lime and prevent adhesion. Scale has not only been | 
provciitod, but actually removed, by simply using potatoes I 
1o lli« boiler. It »lioiild be borne in mind that starchy | 
iDgPodionu, of whatever kind, have a tendency to produce I 
ft>i>tliiiig, and thus to deceive tbe fireman as to the correct ] 
water level. Those have little or no action on sulphate of ' 
Bme, but are to be contiDed to water having carbonateB 
*uiy. 
j Carbonate of soda, caustic soda, potaeb and other fixed 
. alkalies have been used with varying results. These will 
decompose sulphate of lime and form snlphatoa of soda or ' 
potaeli, which will be retained iu solution and tbe carbon- ' 
ate of lime precipitated. | 

Alkalies do not injuriously attack the plates of tbe 

boiler, and may often prove beneficial in neutralizing the ' 

I efitect of free acids jiresent in tbe water. , 

Petroleum has been used with marked results. Mr. 

AllcD says, in tbe same report already quoted from, J 

"We hftvv a Kpt^cimeu of scule in this otiioe nearly one fttid « hftlf 1 
IneltM thick, that wo- r«move<l from a boiliT iu tlie nest by cruda 
petroliiuni, or what \» known a« unrefined, black, i^ai'th oil, 1 ntn 
ftwaro that ilivre )■ great prejudio*- a^uinf<t UHing utijrthing nr tiiD 
kind in steain boiler*, bOt enMh oils aro vory difTcrent from aninitl 
otla. They tire very valnlile. and in an experienod of several year* 
whoro hundred! of lioilers bnvo been treated with it. \r<< Havp Tound 
no it^ury to plates or tubeK. and thn bnilen hnvu betin kept fre* from 
limte- Petroleum works butter wberu sulphate of lime predomiiutt«|, j 
Ikfti) III watem inipre^iiaicd with oarboiiate of lime. Wo would not J 
•diriap it in cunnwitinn wllh the latlir, I deeire to impresa upon all 
panton* iba imporlancei of careful attention to tlieir boilera when an^ j 
vatlt* of ■caU or purgem are uaed. It often happens thai scale Is 1 
I thrown off and nlbiwed to accumulate on th« Imtlom of the hoiltr, 
I «imI nwiD want of attwittnn, not being removod, (ba boilar beooma* 



'l]i or quilo ruined, IT a iiurgf>r m iiiwd. the boihr 
ipened and an often thoroughly M«ian<Mi." 



V *" aoifa U a compound which, it ia HaimcJ, 

r 1 tlie carbonate and Hulpliato of lime in solu-- 

I _ . omfionnd was filially decided upon after & 

II jhjmicnl reaeurch, hy .Toa. G, Rogers, M.D, 
,>nd. Its action maybe doscribed tbns: TanniU 

vt ni/utt decomposes tbe "iflinnfttea of lime and magnesit 
as they enter, taimatcs ben j lipUatcd in a liglit, floc- 
culcnt, amorphous form, at, niai they do not subside at all 
iu the boiler, but are retained in suspension by tbe boiling 
currents uutil they fitid their v y into the mud receiver, 
where they settle into a loose, n ishy luoas, which may be 
easily blown out from time to time. The carbonate of 
soda, formed in the reaction, is retained in solution, becom- 
ing a bicarbonate by appropriation of the free carbonic 
acid in tlie water. This dei ises tbe sulphate of lime, 

tbe resulting sulphate of soui. »^ing retained in Bolntion, 
and the carbonate of lime being acted upon bj- fresh por- 
tions of the tannato uf soda as above. Tiio coiifltaiit jiri'S- ] 
euce of the alkali protects the iron from all action, eiihirr j 
of the carbonic or tannic acids. The eamo reaction take* ( 
place between the tannate of soda and the already exietinjr 
scale, with like results, but more slowly, some weeka being 
generally required, in practice, in removing the deposit, if 
it exists in any considerable quantity. 

Zinc has been used with some success with water coa- 
taiuing bicarbonate of lime; it has no effect on sulphate of 
lime. The disappearance of zinc in the boiler is do indi- 
cation that it is preventing scale, as it may be reduced bj 
galvanic action. ' ' 

This portion of the chapter might be almost ind^ 
'itely extended, and be of no practical use. when none' 
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I.TThe writer liaa given in brief DUtlinf tUn ndion of tlie 
1 oommonest and perhaps the l>est anti-iiicrnstuUirs. On« ■ 
I thiag must be done before any one of the several substances f 
Xted can bo rc(.^ominended; thnt is, iin analysis uf thai 
If, showing wlicther it contains carbonates, snlphatcs 
■ids, wliich of each, and in wltnt ()uiintilie8. Then and 
J then, can an intelligent recommendation be given, 
ptvritcr's advice to holler owners is that, uo prcpanitioa I 
iougbt or used nntil after such analysis by a competcufcl 
or chemiBt. 



tlernat corrosion is frequently caused by the exposnre 
B shell of the boiler to tho weather. It often occurs 
^boilers have no other protection than simply n loose 
roof which, even in ordinary rain storms, leak at 
f joint. If the boilers were always under steam the 
I oonsequencea would be comparatively light, bnt the 
^tcr mischief occurs when the boilers are cold. When- 
trust appears on the surface of a boiler it moans loss 
pton, loss of strength, and consequently is less able to 
IBtsnd high pressure. The danger is increased if tho 
pn of the ruat be confined to certain portions of the 
rand continuous deterioration be going on; this is 
r to occur along the line of brick work, in externally 
{.boilers, near the water line. In exposed situations 
«te of corrosion may amount to one-sixteenth inoh 
inglo year. This is perhaps exceptional; bnt a boiler 
ni soon be rendered worthless if only half that wasto 
1 was going on and which is not at all exceptional, 
jiother source of corrosion is that which proceeds 
^loaky joints, cither from (he riveted seams, miin or 
I holes, or from imperfectly fitted attachmcnrs. Wiicn 
[B&k Occurs around a rivet anew one slionM be put in; 
tile soiim, it should be rc-calkcd inside and out. Tho 
used botweoD the shell and band, or man hole 
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plates, arc often so imperfectly fitted that it is the excep- 
tion to find them perfectly tight. A gasket of vulcanized 
rubber, say three-sixteenths to one-fourth inch thick, U 
recommended rather than a plaited one made of hemp, 
when used with high pressures. A gasket recently 

brought to the attention of the 
writer is shown in figure 190, and 
is the invention of Mr. C. S. Stoy, 
Butler, Indiana. It consists of t 
thin copper sliell, filled with pack- 
ring, as shown. There is little doubt 
that it will make an excellent joint 
and may be used over and over again. 
But whatever packing may be used 
the joint must be tight, and a leak, 
however trivial around a boiler, 
should be immediately repaired. 
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Internal corrosion — This wasting of the plates is doubt- 

less caused, in the niiiiii. by the action of acids in the 
water. It lias also boon attributed to galvanic action. A 
noticeable thinir in connoction with internal corrosion i? 
its want of imitorinity : its appearance is not unlike ordi- 
nary rustiui^ and is not difficult to detect. The followinir 
extract is iVoni Mr. Allen's report for 1S75, and agrees 
witli the writer's own ()])servations. I am also indebted to 
Mr. Allen tor the accompanying engravings: 

"Tin' work oi' connsioii is insidious, whrthor it is external or 
intori);il. A l><>ilor thai i- ^<'t in l>rirk work may leak at tin* srain**. 
and mrrod*' tlu' plalt's adjoiidnjr, and yot th<'re may l)i» no imlioalion 
of <lanin*r. So, ))y tlif ihc of inipur*' wattT, a very dangerous proces:* 
inav In' ^'>ini: on in>idt^ llic l)oiK*r. In t)oil«»rs coverorl luorc i>r 1«*S8 
witli soal«* its jut'^iMici* i^ often dett^ctecl \t\ red stroaks where the 
sf!:d«» is cracktMl. It atta«'k> llio <m1^.'s of plates at the joints, and 
arouml tin* rivot 1hm(N. S'iin'*tinn's it will attack two boilers working 
side by side. One will he eornxb-d in the front part, and the other 
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■in the back purl, Sonwthuc* ilia'erviiC slu-ote iu Itie Mnie tioi' 
■^ oornxled, wliil^ ntiiirii rEUiuia iiiUnt, ^guiu. builcm will be toxtai 
in what U known us » piiitd cundition. 'llibt ia nwiiirMtnJ by s 
•pou In clusi) coutuct. baitig eaten into the sbncl. II looks liko i 
'pOek tnarkt.'d {a.c< nnd m tomctitiies coiinu«nl; and what i» Ntmngc 
alM*at Ihu U, that often cortain sheets to the boilnr will be attacked 
WbiW ottien iTtll rmiain clean oud nmonth. ami the iron will bear tl 




Nune branil an ciirJi plate. It ia w><Jl kuowii that it 
Otc aiuni- mine, is not nlvnys (^bemionlly tho *ame; csrtuii impuritici 
frill be fuucict in conip |ilan«s which di not cxut iu otiiprs, 
tli« miumi'Di.-lurf' of iMalcr in-n there is no 'loubt bm tliat (he »he« 
■n obemiuall; ali^hlly illlftiivnt ; hence, nlieii ibp boiler ia 
tht jtTfwtivf 'if aciil» ill water may exclto gatvanio action. This would 
iciviiint Tr ili-? .liffi'rpnt mannor in which boilem are aOectad. 
If" will illiutrate tlio effi-Rts or nirrasioo: 
I (iispovnrml by iiig|>uctioD. The uuter aiul iuner aide « 
ii.'wn in ihe ilrDtvinit ; also a cross Rpctioii. The bole 
B iiisptdtor* 



« liUlo Itii-^kcr than paper ; lite piec« of (itat* 
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Figure I'.I2 roiirfseiita a portion of tli* inner plate of a w«er 
leg of a locomotive biiilor. Corrosion uttncki-d the plate around ihp 
stay bolts, as veprcwDti-il liy the radiatinfi diirk lines. The other end 
of the slay Itolt.-i was eaten nearly off. We judge from appoonineM 
that ill tapjiing out the holes for the stay Itolts. a ^ttrain wan hrouKht 
to bear whieh distiirbe<l the Hher of the iron, or perhajMi 1 i-hoiild nj 
the skin of the iron ; ini]ierccjiiibly, liowcver, to the caotial ohM>r<rer. 




/';//;«//— Wlii-ii idlcniiii ciHTosioii (i.-nirs in isdliitcd 
niiDts il is i-Lillc(I ]iittliijr. This ^srniHTiilly occurs near tlie 
joints cil' tlic [ilatcs. Inil imt nnlVc'iiiKMiily ilifycily <»ii tlieir 
fai'cs. It is not nni'OiNninn In tiiid iiittinsr iij' '" '^'f ^teiini 
il(.nn-. iinil fnini llic ("iirl ilmt it is as likely to ofciir away 
IViini iis in I'cintacr wit|[ tiic wiilor, il is now gcnorally 
lit'lioveil t'l lie due to galvanic action. 



Figare lltit U loaned by Mr. Allen to ahrtvr tbe peciiliai 
i&orroeive eft'ects found in a boiler fed by sieamp water, and'^ 
IB engraved from a sample nuw in llie officu of ibo Hart- 
ford Steam Boiler Insurance and Inspection C'ompiiny. 



Qroomnti — There ia not a well defined and satisfactory 



explniiftt 




I in boilers. It is believed, bowcvcr, tlmt it is caused 

ilie constant changes of form wbicti take place in s 

Mr by tbe alteratiuiis of pressure, and thus indnce a 

J|iDg or bnckling action of tlie plates, particularly along 

|1ioee of riveted joints. In tbe ordinary method of 

|Sng boilers, it is impossible to make a Bhell perfectly 

Bd, and wben such a boiler is subjected to sienm pres- 

b the tendency is to make it a true cylinder, and this is 

!&UBe of the bnckling or hinging above referred to. 

I platBD are made of fibrous Iron, they are loosened 

t time this occurs, and it is greatly aggravated by thft 
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eoutinued changes of temperature to which the whole i 
expuBed. The iron being lesB lirm at this point than elM 
where, corrosion becomes all the more easy and cert'^i 
and is further assisted by imperfect or too rigid bracing a 
certain points, and too slack at others. It ia not now. i 
was formerly, believed to be due to galvanic action. 



CHAPTER XVIL 



.SECTIONAL BOILERS. 

t Boiler— Kelley's Boiler— The 

I boilers are not as yet common property, and 
an only refer in a general way to the details of 
1 ae practiced by the several makers, whose 
' be described. No attempt can be made in & 
er to trace the development of sectional boilers, 
ibe all those now in the market; three or four 
ill be given to illustrate the present practice of 
manufactnrers. 

foc/c ^' Wilcox boiler is shown in front elevation 
14, in loniritndinal sectional elevation in figure 
cross sectional elevation in figure 19ti ; these 
rings, for convenience of reference, are printed 
sheet. 

iler is composed principally of lap welded 
n tubes four inches in diameter, arranged in 
I'ing seven or eight tubes in each. These sec- 
'lined at an angle of about lo°, as shown in the 
vat ion. 

ctions are connected with each other, and with 
I mnd drum at the bottom and rear of the 
ilrio by vertical passages at each end. with the 
tal steam and water drums shown in the cross 
evation. The water fills all the tubes and 
way up and into the steam and water drums. 



i 
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The end cornections are in one piece for each vertical 
row of tubes ; I lese tubes do not lie oiie above tlie otlier 
in a vertical li e, but are staggered eo aei lo receive heat 
either by rat on or direct impact \>y the flow of heated 
gaaea upwarus through the spaces between them. These 
tubes are not threaded, but secured to tlie end couneetions 
by the use of an expander in a manner similar to that in 
which tubes are fixed io an ordinary tubular boiler. The 
connections between the mud ai m and the steam ami 
water drum are made in the same manner, and thus dis- 
pensing entirely with bolted joints and packing. By tlijs 
arrangement are secured freedom from strains induced 
by unequal expansion, and a means of rapid and tboroiii^h 
circulation of water. The water inside of the tubes wboD 
heated has a tendency to rise toward the higher end. uni 
flows upward and into the steam and water drum. The 
steam is here given oft', if the water is of sufficiently high 
temperature. The back connection secures a downwanl 
tiarrent, and thus a continuous circulation is eatabUshed, 
preventing the evils arising from the destructive strains 
consequent upon unequal temperatnres. Tliis rapid circu- 
lation also prevents, in a measure, the formation of ac^e 
upon the heating surfaces, sweeping the particles awaj 
and depositing them in the mud drum, from which they ] 
may be blown out. 

The provision for cleaning the boiler, both internally 
and externally, is quite complete. Hand holes opposite 
each end of each tube, man holes in the drums, and a bon- 
net to the mud drum, permit access to all parts of the inte- 
rior, while side doors admit of the removal of accnmalat«d 
dust and ashes from the exterior of the heating sarfaeea^ 
either by blowing, brushing, or any other well knowBy 



The proportions of this boiler were adopted aA 
numerous experiments with boilers of varying capa* 
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tttid experience has eatablieheil that it can be driven to iha 
ntmtMt, and still be t'reo from the objections aUvnys attachrfl 
iog ti) boilers of small capacity — cnrr>'ing a stead; wnloifl 
level and steam pressure, and always furnishing drysteam^ 

The oubical capaiiity of this boiler, per horse power, in 
eqnal to that of the best practice in tubular boilera of then 
ordinary coTiHtrnction. Tlie tire surface being of the mostfl 
eSlpctive character, these boilers will, with good fuel and , 
a reasniiahly economiciil engine, greatly exceed their 
nominal power, thongh it is seldom economy to work a 
boiler Above its nominal power. The space occupied by J 
ibii boiler Mnd betting is equul to about two-thirds that i 
of the Minio power in tabular boilers. I 

The lolIowiTig is an abstract of a. teat of a Babcock Is -J 
"Wilcox boiler, by Charles K. Emery, C.E., New York city. ] 

This test was made in February, 1870, at the Rarilan 
Woolen Mills, Raritan, N. J. There were two boilers in 
use, containing 4,080 square feet of heating surface, and 
lOS square feet of grate surface, the capacity of the two i 
boilers being rated jointly, by the makers, at 360 JI.P. 

The experiment commenced at 6.01 a. m., and closed at ^ 
6.88 p.m. In starting, steam was raised by spreading the ^ 
banked firea left from the previous day. When the pres- J 
euro reiiolied HO pounds the fire was hauled, all refuse ^ 
removed, and Urea started anew with wood, whichintbeoal- | 
Qulstion hiLs been considered equnl in calorific value to -^ ' 
its weiglit of coal. The fires were niuintained with coal | 
daring the day, tinally hauled, allowed to cool, the com- , 
bustible p()rtion deducted from the coal charged, and the ' 
refuse weighed separately. The experiment was closed 
when the boilers stopped making steam at ttO pounds 
pressure, with water in the glass gauges at same height m * 
»t starting. J 

During the trial, all the coal consumed was weighed iid 
jj^m^^wjli^lbarrpw, balftH|e4 w|ieu,ompt^ 1>^; a fixe^ 
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tubes. im is collected from the tubes into llit 

8teaiT hk'h is placed over the top of Iho boiler, 

as form of construction afiords ready fin'ililj' 

■ r 'iQewal of tubes. 

lould not be carried too high if there is a 
he boiler, aa it is likely to induce priming. 
L steam is generated in the tubes, it rises to the 
drum through the triar""''"r elbows (return bends 
1 perlia]">s Ix? nearer oorreet], aeen at the front end of 
the boiler. In pass- 
ing througli the 
bends the cnrrent , 
is broken, and if 
;iiiy water is miu- 
iried with the steam 
ii is thrown hack 
into each tube. 

This breaking 

:Lnd reversal of the 

:... prevLMit 

erally recognized as 
the correct way to do it, and no doubt is the explanation 
of the remarkable freedom which this boiler has from this 
troublesome and dangerous occurrence. 

If the demand upon the boiler is constant, a steam 
drum need not be supplied, but when the requirements 
are irregular, it is then perhaps best to have it. 

The grates may be of any of the common or oscillat- 
ing varieties now in the market. 

The course of the products of oombuation are clearly 
shown by the direction of the arrows. The tabes have 
what the makers call "bridge wall blocks," which ar« 
shown at A. These are built up to any rec^uired height 
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to insure every part of the tubes being in contact with 
the heated gases. 

The following test was made at the Centennial Exhi- 
bition, Philadelphia, Pa. : 

Heating surface, square feet 1,590. 

Grate surface, square feet 42. 

Coal used (anthracite), pounds 3,053.9 

Ashes, pounds 320.2 

Steam pressure, pounds 69.94 

Temperature of feed water, degrees 64.59 

Water evaporated by calorimiter tests, pounds 27,146.69 

Water evaporated per one pound of coal from tem- 
perature of feed, in pounds 8.89 

Water evaporated per one pound of coal from and 

at 212°, pounds 10.35 

Water evaporated per one pound of combustible 

from temperature of feed, pounds 9.93 

Water evaported per one pound of combustible 

from and at 212°, pounds 11.505 

Water evaporated per square feet of heating surface 

from temperature of feed, pounds 2.22 

Water evaporated per square feet of heating surface 

from and at 212°, pounds 2.48 

KeUey^s sectional boiler^ by William E. Kelley, New 
Brunswick, N. J., is shown in sectional elevation in figure 
203, and in detail showing the manner of securing the 
tubes and the circulation of the water through the boiler, 
in figure 202. 

The tubes in this boiler are 3 inches in diameter, and 
screwed into the vertical chamber, as shown in the detailed 
engraving. 

These tubes, with the exception of those in the upper 
row, are inclined at an angle of about one to eight, and 
connected at one end only, and that at the vertical chamber. 

The tubes are therefore left free to expand separately 
without aftecting others, and in like manner may be removed 
for examination or repair. A cap is placed at the back 
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B«iid to close each tube. Ineiiie of these tabes are pa 
partition plates, as also shown. 

The inclined tubes are always full of watfir, tJie waU; , 
rilTie of the lioiler being at W. L. The heat frftin tttfll 




«n the grate in rising first comes in contact wilb tliet 
lialf of the iiiclineiJ tube, the upper half of the tabe beinj? 

1 a mensnre ahieliled or protectetl from the direct beat t 
SBarac hy tlie lower hnlf; oouseqiieutly the greatest am 
tof «tenm will be generated from the surface of Uie h 
liftlf of the tube. The stoum thus made wotili) me^ 
fQ^ippr sill.' i)(' III.' Mill", wpr.' it not intcrcepud by ti 
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tition plate; this causes the steam to move along the under 
side of the partition plate, and along the outside of the 
pocket in the front chamber, and thence into the dome, 
first passing through the horizontal pipe, as will be here- 
after explained. The upper half of the tube, as before 
stated, will be less exposed to the direct action of the fire; 
hence the water will flow down the coolest part of the 
tube, and through an opening, D, in the rear end of the 
partition plate, and thence up through the lower half of 
the tube, as before stated, the circulation being accelerated 
by the volume of steam that is seeking an exit from the 
lower half of the tube into the front chamber. The pockets 
in the front chamber tend to keep the downward and 
upward currents separate. The arrows on the cut indi- 
cate the direction of the circulation. 

The free exit of the steam from the front chamber into 
the dome is obstructed by a partition running entirely 
across the chamber, near the top and above the water line, 
W. L., and the steam is compelled to pass along under the 
partition in the horizontal pipe, and through the opening 
in said partition, and then along over it, through the upper 
half of the tube into the chamber and dome ; as the tubes 
are in the heat and above the water line, the steam is made 
very dry, and all moisture and water that would otherwise 
be carried out of the boiler is converted into steam in 
passing through the horizontal tubes. 

The following test was made at Philadelphia, during 
the Centennial Exhibition : 

Heating surface, square feet 662. 

Grate surface, square feet 27.5 

Coal used, anthracite, pounds 2.3H0.1)j 

Ashes, pounds 204.5 

Steam pressure, pounds 69.1)5 

Temperature of feed water, degrees 66.95 

Water evaporated hy corrected caloriniiter tests, 

pounds 18,710.53 



p 




^Bporated per one pound of cokI ttota 

erature of feed, pounds 

aporated per one pound of coal ftom And 

2", pountls 9IW 

■aporat«d per one pound of combustible 

tempernture of feed, pounds 8.636 

'aporated per nne pound of conibuEtibI« 

and at 212°, pounds ]Q.H 

ovupornted per square foot of heating sur- 

-_-'« frora tenipemtu"" '''xl, pounds 3.52 

er evuporftted jier Hijunre it of heating sur- 
face from and nt 212°, pouu' ' 4.13 



The Firmenich boiler, by J. < L & F. Firmenich, Buf- 
a, N. Y., is eliown in sectioiiai elevation in figure 204. ' 

This boiler coneists of two pai tially cylindrical wrought 
iron BhelU at the bottom, separuted sufficiently to admit 
tliB requisite width of grate. From the upper and flat 
aide of these lower cylinders or mud drums, pipes extend 
upward aud are connected to similar drums at the top. 

Surmounting these two upper druras is still another, 
having suitable cnuneetions with the two lower ones, anJ 
acts as the steam drum or reservoir for the hoiler. 

The lower drums vary in size from twelve to twenty- 
four inches, and the upper steam and water drums, from 
twenty to thirty-six inches diameter; the lengths varying 
according to the size of the hoiler. The vertically inclined 
heating tubes are from two to three inches in diameter, 
the latter size being used in all boilers over twenty-five 
horse power. This boiler offers good facilities for exter- 
nal and internal examination. Figure 204 is a cross sec- 
tional elevation, showing the arrangement of dmma and 
tubes. 

The following figures are taken from the report of thtt^t 
economy trials at Philadelphia during the Centenoi 
Exhibition : 
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